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Tnis invention relates to novel compounds having 
.pharmacological activity, to the production thereof, to 
compositions containing them, and to their use in pharmacy. 

A number of compounds have been described which are 
competitive reversible inhibitors of zinc-containing 
metalloproteinase enzymes. Such competitive reversible 
inhibitors are for example those which are inhibitors for 
the angiotensin converting enzymes (ACE) . The utility of 
such -an inhibitor is that it acts to block conversion of 
*the decapeptide angiotensin I to antiotensin II, this 
last-mentioned compound being a potent pressor substance. 
ACE inhibitors are therefore potentially of use in the * 
treatment of hypertension. Compounds of this type are 
for example described in European Patent Application 
A-0012 401. Related inhibitors of the enzyme 
enKephalinase are described in EPA 0054862. 

We have found a group of compounds which act as 
inhibitors of mammalian collagenase [EC 3.4.24.7] which 
initiates collagen breakdown. There is now compelling 
evidence [see for example Arthritis and Rheumatism, 2Q, 
1231, (19770] implicating the involvement of the zinc 
metalloproteinase, collagenase, as one of the key enzymes 
in the degradation of articular cartilage and bone in 
rheumatoid arthritis. Collagen is ont of the major 
components of the protein matrix of cartilage and bone. 
Potent inhibitors of collagenase are useful in the 
treatment of rheumatoid arthritis and associated diseases 
in which collagenoly tic activity is a contributing factor. 
These diseases include corneal ulceration, periodontal 
disease, tumour invasion and dystrophic epidermolysis 
bullosa . 

These compounds have substantially no ACE- 
inhibiting-activity. ACE is a carboxydipept idase - it 
cleaves a peptide substrate two residues from the c- 
terminus. Consequently the C-terminal carboxylic acid is a 
prime recognition site for both substrates and inhibitors; 



BNSDOCID: <EP 0126974A1_I_> 



CM 26974 



- 3 - 



removal of this ionic binding group drastically reduces 
inhibitory potency../ Collagenase, on the other hand, is 
an endopeptidase and, as such, has no prerequisite for 
this binding interaction. Additionally the structure of 
collagen differs essentially f rora angiotensin-I , which 
as noted above is a decapeptide and is cleaved at a 
phenylalanine-histidine bond to give an octapeptide 
(angiotensin-II) and a dipeptide (histidylleucine) . 
Collagen is much more complex, in being a tr iple^ helix, 
each strand of the helix containing of the order of 
1,000 amino acid residues, the sequence of amino acids 
around the site cleaved by collagenase being completely 
different from that around the cleavage site of 
Angiotensin I. Collagenase cleaves this triple helix at 
a single locus on each chain approximately two-thirds of 
the way along the chain from the N-terrainus. The amide 
bond which is cleaved by collagenase is either a 
glycine-leucine or a glycine- isoleucine bond. 

BRIEF DESCRIPTION QF 2flE INVENTION 



and pharmaceutical ly acceptable salts thereof in which 
n = 1-4 

R 1 represents hydroxy, alkoxy, aralkcxy or 



The present invention provides compounds of the 



general formula I: 




1 2 
A — A — Y-(CH 
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R represents hydrogen or alkyl; 
3 

R represents hydrogen, 
alkyl, 

substituted alkyl wherein the substituent 
may be one or more of the groups 
selected from hydroxy, alkoxy , aryloxy , 
aralkoxy, mercapto, alkylthio, 
arylthio, alkylsulphinyl (e.g. SOCH 3 ) f 
alkylsulphonyl (e.g. S0 2 CH 3 ), carboxy, 
carboxamido (e.g. CONH 2 ) r carboxyalkyl 
(e.g. C0 2 CH 3 ) f carboxyaralkyl (e.g. 
C0 2 cH 2 Ph) , 

aralkoxycarbonylamino (e.g. NHCOOCH 2 ph) f 
amino, dialkylamino, acylamino (e.g. 
NHCOCH 3 ), aroylamino (e.g. NHCOPh) and 
trihalomethyl (e.g. CP 3 ) , 
aralky 1, 

substituted aralkyl wherein the " 

substituent on the aryl moiety may be 
one or more groups selected from 
halogen (e.g. fluorine, chlorine, 
bromine, iodine) , alkyl, hydroxy, 
alkoxy, aralkoxy, amino, aminomethyl 
(CH 2 NH 2 ), cyano, alkylamino, 
dialkylamino, carboxy , sulphonamido, 
alkylthio, nitro and phenyl, 
or hetecoaralky 1; 
Y represents NR 4 wherein R 4 represents H or alkyl; or 
for certain values of A 1 , A 2 may alternatively be a 
direct chemical bond. 

4 
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When Y represents NR , 

A^ represents a group of formula R^ wherein 
R may be hydrogen. 



alkyl r 

aralkyl, 

aryl, 

substituted aryl wherein the substituent may 
be one or more groups selected from 
halogen alkyl, hydroxy, alkoxy, aralkoxy, 
aralkoxyamino, aminomethyl, cyano,*- 
acylamino, dialky lamino, carboxy, 
sulphonamido, alkylthio, nitro and phenyl, 

acyl (e.g. CH 3 C0) , 

aroyl (e.g. PhCO) , 

aralkylacyl (e.g. PhCH 2 C0) , 

alkoxycarbonyl (e.g. (CH 3 ) 3 ocO), 



or aralkoxycarbonyl (e.g. PhCI^OCO) ; 
A"*" may also represent a group of the formula: 



wherein R D represents a group having the meanings 
defined above for R^; 

7 8 

R and R which may be the same or different represent 
hydrogen, alkyl or aralkyl; or 

7 8 

R and R° may together represent an alkylene chain of 



2-4 carbon atoms so to form with the adjacent 
nitrogen atom a nitrogen-containing ring 
having 4-6 atoirs; 
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q 

R J represents hydrogen, 
alkyl, 



substituted alkyl wherein the substituent 
is exactly as defined for this moiety 
above, 

aralkyl, 

substituted aralkyl wherein the 

substituent is exactly as defined for 
this moiety above, 

or heteroaralkyl; 



A* represents a group of the formula 




wherein 

R 10 and R 11 which may be the same or different represent 
groups having the meanings given above for 
R 7 or together represent an alkylene chain 
of 2-4 carbon atoms so as to form with the 
adjacent nitrogen a nitrogen-containing ring 
having 4 to 6 atoms; 

1 2 

R represents a group having the meanings given above 

for R 9 . 

1 2 

Additionally, A x and A taken together may represent 
hydrogen, 
alkyl, 
aralkyl , 
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heteroaralky 1, 
alky Isulphonyl, 
a ry Isulphonyl, 

a r al ky Is ul phony 1 , 

13 13 
or a group R CO wherein R represents 

hydrogen r 

alkyl, 

alkoxy , 
aryl, 

aralkyl r v 
aralkoxy , 

substituted aryl (as defined in R^) , 

substituted aralkyl (as defined in R ) and 
substituted aralkoxy wherein the 
substituent on the aromatic moiety of the 
aralkoxy is as defined for aralkyl 

phenethenyl (PhCH=CH-) , 

phenethynyl (PhC=C~) , 

alky lam in o, 

arylamino, 

aralkylarainor 
or dialky lamino; 

In a further aspect of this invention, Y may also 
represent a direct chemical bond* In this instance r A* 
and A taken together represent 

hydrogen, 

alkyl, 

aryl, 

alkoxy, 

aralkoxy , 
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aralkoxy (as in R J ) wherein 

the substitucnl on the aromatic moiety of the 
aralkoxy is as defined for aralkyl, 
hydroxy , 

mercapto, 
alkylthio, 
a rylthio, 
aralkylthio, 

carboxy/ v 
or carboxyalky 1; 
represents a group of the formula 

or 




wherein 
1 4 

R represents 



am in Or 
alky lfiniin" , 
dial ky lam ino, 
hydroxyami no, 
or ara] ky 1 ntino, 
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and R 15 r R 1 6 and R 1 7 which may bo the same or different 

1 0 

represent groups having the meaning given above for R , 
R 11 and R 12 respectively and 
R 18 represents amino, 

alky lamino, 

dialkylaminO/ 

substituted alkylaraino wherein the 
substituent is amino, hydroxy, 
alkoxy, carboxy, carboxamido, 
carboxyalkyl, alkylthio, 
alkylsulphinyl or alkylsulphonyl r 

hydroxyaraino, 
alkoxyaraino, 
ar alkylaraino, 
alkoxy, 
aralkoxy, 
or alkylaminoalkoxy . 

3 

all with the exception that when A is alkylaraino one of 
R 2 and R 3 is not hydrogen and the other alkyl or 
hydroxyalkyl . 
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ftETAILSB DESCRIPT I ON QZ THE INVENTION 

The term alkyl as used herein to designate a group 
or a part thereof includes reference to both straight 
and branched alkyl groups and to cycloalkyl groups which 
may contain from 1 to 10, preferably 1 to 6, carbon 
atoms in the case of straight or branched chain 
non-cyclic alkyl groups (for example methyl, ethyl, 
propyl, isopropyl) and from 3 to 10 , preferably 3 to 7 in 
the case of cyclic alkyl groups (for example 
cyclopentyl, norbornyl) . 

By the term aryl f is meant phenyl or naphthyl. 

The terms aralkyl and aralkoxy include in 
particular those groups containing 1 to 4 carbon atoms 
in the alkyl portion, and those groups in which aryl has 
the meaning just given. 

By the term heteroaralkyl we mean in particular 
groups containing 1 to 4 carbon atoms in the alkyl 
moiety. The term heteroaryl includes for example, 
pyridyl, thienyl, furyl, indolyl, imidazolyl and 
thiazolyl. 

Typical pharmaceutical^ acceptable addition salts 
are those derived from mineral and organic acids such as 
hydrochloric, hydrobromic, hydroiodic, p-toluehe 
sulphonic, sulphuric, perchloric, acetic, benzoic, 
trif luoroacetic and the like. 
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There are several chiral centres in the compounds 
according to the invention because of the presence of 
asymmetric carbon atoms. These centres may be 
racemised or in any optically active form. We have 
found surprisingly that those compounds in which the 
chiral centre indicated below by an asterisk in the 
group shown is in the R form are preferred. 



COR 




Certain groups of compounds according to the 
invention are prefer red r these including the following, 

A group of preferred compounds are those in which the 
3 

group A has the following meaning 




in which R represents substituted alkyl (wherein the 
substituent is alkoxy, aralkoxy, alkoxycarbonylamino, 
aralkoxycarbonylamino f carboxyalkyl or carboxyaralkyl) ; 
or substituted aralkyl (wherein the aryl substituent is 
one or more groups selected from alkyl, alkoxy r alkyl 
thio or aralkoxy) • In this preferred group of 
compounds, R^ should have the meanings described 
hereinbefore but excluding aralkyl or heteroalkyl. 
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Within this definition of A J , there is a preferred 

1 2 

subclass of compounds in which A + A taken together 

2 

represent H f Y is a direct chemical bond, R represents 
2 ' 

H r and R J represents alkyl or substituted alkyl where 
the substituent (s) is one or more tr if luoromethyl 
groups. 

Therefore this first sub-class of preferred compounds 
may be defined by the formula 

COR 1 R 3 



R 

wherein R J and R are as defined above. A most 
preferred set of compounds within this group are those 
in which R 17 is benzyloxymethyl (PhCH 2 OCH 2 -) r 
1-benzyloxyethyl (PhCH 2 0CH (CH 3 ) -) , 
4-benzyloxyphenylmethyl (4-PhCH 2 OC g H 4 CH 2 -) or 
4-methoxyphenylmethyl (4-CH 3 OCgH 4 CH 2 ») . 

In a second preferred sub-class of compounds 

within the preferred definition of A 3 , Y represents NR 4 , 

12 13 
and A + A represent a group R CO wherein 

13 

R represents alkyl f 

arylr 
aralkyl, 
aralkoxy, 

substituted aryl, substituted aralkyl and 
substituted aralkoxy wherein the 
substituent on the aromatic moiety is 
exactly as defined hereinbefore, 

alkylamino, 
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arylamino, 
aralkylaniino 
or dialkylamino. 
Therefore this second sub-class of preferred 
compounds may be defined by the formula 



Particularly preferred examples are those in which R 
is H and R 3 f R 17 and R 18 are as defined for the first 
preferred sub-class of compounds* A most preferred series of 
compounds within this sub-class is where n is 2, R 13 i s 
benzyloxy (PhCH 2 o) , substituted benzyloxy (where the aromatic 
substituent is selected from 4-chloro r 2-chloro r 4-methyl, 
4-nitro or 4-amino) r benzylamino (PhCH 2 NH) r phenyl or 
substituted phenyl (where the aromatic substituent is 
selected from 4-chloro r 2-chloro, 4-methyl r 4-nitro or 
4-amino) . 




BNSDOCID: <EP 0126974A1J_> 



01 26974 

- 14 - 

A further preferred embodiment of the invention is a 
compound of the formula 




and the pharmaceutically acceptable acid addition salts 
thereof wherein x represents hydrogen, alkoxy or benzyloxy; 
y represents a radical selected from alkyl, alkylthioalkyl, 



O 




wherein v is 2 or 3 f 




wherein z represents hydrogen or nitro; and W 2 represent 
methyl or tr if luoromethy 1 ; and R 1 represents hydroxy or 
alkoxy and the stereochemistry of the carbon marked by the 
asterisk is R* 

Specific compounds according to the invention are 
those, the preparation of which is described in the Examples 
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The compounds according to the invention exhibit 

inhibitory action against collagenase. This was 

determined following the procedure of Cawston and 

Barrett, Anal t Bjochem- t 23., 340-345 (1979) whereby 

the ImH of the inhibitor being tested or dilutions 

thereof are incubated at 37°C for 16 hours with native 

collagen and collagenase (buffered with Tris HCl-CaCl 2 ; 

1 4 

pH 7.6) • The collagen is acetyl C collagen. The 
samples are centrifuged to sediment undigested cpllagen 
and an aliquot of the radiactive supernatant removed 
for assay on a scintillation counter as a measure of 
hydrolysis. The collagenase activity in the presence 
of ImM inhibitor r or a dilution thereof r is compared 
to activity in a control devoid of inhibitor and the 
results reported as that inhibitor concentration 
effecting 50% inhibition of the collagenase. Table II 
illustrates the activity of compounds of this invention. 

For use in treatment of rheumatoid arthritis the 
compounds of this invention can be administered by any 
convenient route preferably in the form of a pharmaceutical 
composition adapted to such route and in a dose effective 
for the intended treatment. In the treatment of arthritis 
administration may conveniently be by the oral route 
or by injection intraar ticularly into the affected joint. 
The daily dosage for a 70 kilogram mammal will be in the 
range of 10 milligrams to 1 gram. 
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The compounds of this invention can be formulated 
in compositions such as tablets, capsules or elixirs 
for oral administration* or in sterile solutions or 
suspensions for parenteral administration. About 
5 10 to 500 mg of a compound according to the invention 
is compounded with a physiologically acceptable vehicle, 
carrier, excipient, binder, preservative, stabilizer, 
flavour, etc., in a unit dosage from as called for by 
accepted pharmaceutical practice. (See for example, ^ 
10 Remington's Pharmaceutical Science Mach Publishing Co., 
Easton., Penn- 1965). The amount of active substance 
in these compositions or preparations is such that a 
suitable dosage in the range indicated is obtained. 

The compounds according to the invention may be 
15 made by methods which are generally known in peptide 

chemistry for analogous compounds. In particular it is 
to be understood that reactive groups not involved* in a 
particular reaction (e.g. amino, carboxy/ hydroxy etc.,) 
may be protected by methods standard in peptide chemistry 
20 prior to reactions of other groups and subsequently 
deprotected. 

The intermediates of use in the production of the 
end-products are either known compounds or can be made 
by known methods, as described in the Examples. 
25 The following description of the preparative methods 
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indicates generally the routes which may be used for 



the production of the compounds according to the 



"invention . 



Process 1 , Route A 



This process involves reductive arrination 



COR 

A 1 -A 2 -Y-(CH 2 )n-C=0 



1 




NH 2 



C-A 



I 



tl 



III 



A keto acid (or derivative) of formula II is condensed 
with a peptide of formula III . This condensation is 
conveniently carried out in a suitable solvent (e.g. aqueous 
tetrahydrof uran, methanol ) at a pH between 6 and 7 in the 
presence of sodium cyanoborohydr ide whLCh effects 
reduction to give the desired compound of formula I. 
Alternatively, II and III may be reached in the solvent 
medium to form a Schiff's Base as an intermediate and 
this may then be reduced catalytically to yield the 
desired compound of formula I for e: ample by hydrogenat ion 
in the presence of Raney Nickel or palladium on charcoal. 

As an alternative to Process , Route A , the 
compound of formula II can be condensed with an amino 
acid of formula IV below (or protfcted derivative thereof) 
under the same conditions as given in Process 1 to yield 
an intermediate of formula V. Tiis intermediate is then 
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subsequently coupled with an amino acid or peptide deriv- 

3 

ative of the formula A to give the compound of formula I. 

(JOR 1 - v R 2 R 3 

A 1 -A 2 -Y-(CH 2 ) n -^ C ^ 0 NH 2 ^^ C0 2 H > 



II IV 

3 



COR 1 R 2 R 3 



A 1 -A 2 ~Y-(CH 2 ) n NH 



A* 



10 The known processes for peptide bond formation referred 
to above and also in the following processes encompass 
reactive group protection during the coupling reaction, 
e.g., for amines employing N-t-buty loxycarbony 1 or M- 
benzy loxycarbonyl followed by their removal. Condensing 

15 agents are typically those useful in peptide chemistry 

such as dicyclohexy Icarbod i imide , water soluble carbodi- 
imide [N-ethyl-N 1 -^ 3-dime thy laminopropy 1 ) -c a r bod i imide ] , 
diphenyl phosphoryl azide or V may be activated via the 
intermediary of active esters such as those derived from 

20 1-hydroxybenzotriazole , A-nitro phenol, 4-picolyl alcohol 

Process 1 Route B (where R** = H) 

— — — ^— — — — — — ^ 

In an alternative reductive amination process as 



shown below, the starting materials providing the 

1 2 3 
groups A -A on the one hand and the group A on th 

25 are reversed. Otherwise the process is the same as 
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Process 1 Route A . This process is applicable to the 

A 

production of compounds in which R = H . 



J OR R" 



VI w VII (R A = H) 



The amino acid {or derivative) VI is condensed with the 
ketone (VII) under the conditions given in Route A . 
As an alternative to Process 1, Route B the 

10 synthesis can be performed in a step wise manner by 

condensing VI with the keto acid (or derivative) VIII 
to yield the intermediate IX. By known processes 
(summarised above), IX can then be condensed with an 
amino acid or peptide derivative A 3 to give I. 

15 n 3 COR 1 R 3 .3 

VI + CT~C0„H ^ A 1 -A 2 -Y~(CH 0 ) / ^NH C0 o H 4 I 

d n 2. ' 

VIII IX - (R*=H) 



Process 2 Route A 
20 This process is essentially an alkylation. 

COR 1 R 3 R* 

A^A^YMCH-) NH 0 -^C-A 3 ^ I 

0 

X III 
25 In this process the peptide III is alkylated with the 
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appropriate a-haloacid (or derivative) X or a-sulphonyl- 

oxy acid in a suitable solvent (e.g. CH 2 C1 2 , CH 3 CN , etc.) 

In the presence of a base (e.g. tr iethy lamine ) . 

# 

As an alternative to this process, the synthesis 
can be performed in a* stepwise fashion firstly to 
5 produce an intermediate IX which is then condensed by 
standard processes above with a peptide derivative A 3 
to give the compound .of formula I, as described above 
for the alternative for Process!, Route A • 

*» 

COR 1 R J fT A 3 

r \/ A 

10 A 1 -A 2 -Y-(CH 2 )^ X X NH^^C0 2 H > IX V I 

Process 2 Route B 



In an alternative alkylation shown below the 

1 2 

starting materials providing the groups A -A - on the one 
15 hand and A"* on the other are reversed. Otherwise the 
method is the same as Process 2, Route A . 

COR 1 R n^ rV 

A 1 -A 2 -Y-(CH D ) A^NH 0 X^-A 3 } I 

2 n . 2 it ' 



VI 0 

XI 



20 



The amino acid (or derivative) VI is alkylated with the 
a-haloacetyl or a-sul phony loxyacetyl peptide derivative 
XI under the conditions described in Route A . 

As an alternative to Process 2 f Route B the 
25 synthesis can be performed in a stepwise fashion by 
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condensing an amino acid (or derivative) VI with a 
substituted a-haloacetic acid or a-sulphonyloxy 
acetic acid (XII) to yield the intermediate IX which 
by standard processes is condensed with a peptide 
derivative A"* to give the compound of formula I 

1 R 3 R* .3 



A 1 -A 2 -Y-(CH 



VI 



2 n 



NH, 



"C0 2 H 



-> IX } I 



XII 



1 2 

10 It should be noted that when. A and/or A 

represent amino acid residues, that these residues 
may be introduced by standard coupling procedures 
at any convenient stage of the synthesis. 

The starting materials which are required for the 
15 above processes are either known in the literature, 
or can be made by standard processes from known 
starting materials, or are described in the Examples. 

When R * in I represents hydroxy, these compounds 
may be derived from those described above (wherein R 1 = 
20 alkoxy or aralkoxy) by hydrolysis in a suitable solvent 
(such as aqueous methanol) containing a base, such as 
sodium or lithium hydroxide. Alternatively, when 
R 1 = aralkoxy (such as PhCH 2 0) f this group may be 
removed by hydrogenolysis . 
25 As mentioned above there are various potentially 
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asymmetric centres in the amide derivatives of this 

invention. In particular the carbon atom which bears 

. the groups (CH-) , COR 1 and NH is asymmetric as is 

3 2 3 

.that which bears the groups NH , COA , R and R (when 
2 3 

5 R and R are not simultaneously hydrogen). The above 

synthesis can utilize racemates, enantiomers or diastereo- 
isomers as starting materials, the products can there- 
fore exist in racemic or optically active forms. The 
invention therefore encompasses the racemic form ar 

10 well as any other optically active forms. As noted 

above, however, and in contrast to inhibitors of other 
zinc metalloproteinases (such as angiotensin converting 
enzyme), the preferred isomer has R-stereochemis try at 
the carbon atom bearing the groups (CH 2 ) n , COR and 

15 NH whilst having the stereochemistry of the natural 
amino acids at the other asymmetric centres. 

The compounds according to the invention include 
pharmaceutically acceptable salts of the compounds of 
formula I- Such salts may include acid addition salts 

20 as well as amine salts, etc., and the processes described 
above for the production of the compounds may include 
as a final step the conversion of the compound I into 
such a salt, or the compound may be isolated as such 
salt. 

25 It is understood that the compounds which bind most 

effectively to collagenase have R equal to either hydroxy 
or hydroxyamino . When R 1 is alkoxy or aralkoxy, these 
compounds function as orally active prodrugs of the 
parent carboxylic acids; once absorbed these esters are 

30 rapidly hydrolysed by non specific plasma esterases to 
yield the active species. 

In order that. the invention may be more fully 
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understood the following Ex3irples are given by way of 

illustration and should not limit the invention in 

. spirit or scope. 

Example 1 • * 

N- ( 1 -Me thoxycarbonyl ethyl ) -L-leucyl-L- valine N-Hexyl amide 
5 N-tTertiarybutyloxycarbonyl) -L-leucyl-L-valine N-Hexylamide 

(2g) was treated with tri f luoroacetic acid (20ml) at 
room temperature for forty-five minutes.- The excess 
tri f luoroacetic acid was removed ^in vacuo and the 
residue dissolved in methanol (20ml). The solution was 
0 adjusted to pH7 with triethylaraine . Dried 3A molecular 
sieve (lOg), sodium cyanoborohydride(0-75g) and methyl 
pyruvate (1.5g) were added and the reaction mixture 
stirred at room temperature for 2 days. The reaction 
mixture was then filtered and the filtrate concentrated 
15 i_n vacuo to a gum. The residue was taken up in dichloro- 
methane and the organic phase washed in turn with saturated 
sodium hydrogen carbonate solution and then 1M citric 
acid solution and dried over sodium sulphate. The 
material isolated after evaporation of the dichloro- 
20 methane was chroma trographed on silica t developed in a 
gradient of 20% ethyl acetate in hexane to 60% ethyl 
acetate in hexane. Elution with 40% ethyl acetate 
hexane afforded 

N[ 1-(S) -methoxycarbonylethy 1 1 -L-leucyl-L- valine N-hexy 1 - 
25 ' amide (O.Ag) , which crystallised from methanol/water as 
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needles m.p. 70-71°C; [a] 20 p = -31. 4° (c = 0.2, MeOH); 
(Found: C,63.0; H,10.2; N.10.5. C 21 H A1 N 3°A re< l uir es 
C,63.1; H,10.3; N,10.5%.);-V (Nujol): 3400, 1740 and 

luaX 

1610 cm" 1 ; (a) £ (CDC1 3 ) 0.9 (15H, m , 2xCH(CH 3 > 2 and 

5 CH 2 CH 3 ); 1.3(3H, d, J=6Hz, CH^CH); 1.2-2.4 (12H, m, 

2xCH(CH 3 > 2 , CHCH 2 CH and (CH 2 ) J; 3.0-3.4 (5 H, m, 

3x .CH and CH_ 2 NH ) ; 3.7 (3H,s; CH 3 ~0) , 4.3(1H, t, J= 

8Hz,NH); 6.94 ( 1H ,m,NH) and 7.85 (1H,d,NH). 

Elution with 50% ethyl acetate hexane afforded 

10 N[ 1-(R)-methoxycarbonylethyl]-L-leucyl-L-valine N- 

hexylarnide , (0.5g) which crystallised from methanol/ 

PQ 

water as needles m.p. 98-10l°C; lajp = -43° (C=0.2, 
MeOH); (Found: C,62.7; H.10.2; N.10.5. C 2i H 4i N 3°ji, 
requires C,63.1; H.10.3; N,10.5%); )> ov (Nujol) 3250, 

ilia X 

15 3060, 1730 cm" 1 ; g(CDCl 3 ) 0.9 (15H,m, 2xCH(CH 3 ) 2 and 
CH 2 CH 3 )' ; 1.3 (3H,d;J=6Hz, CH_ 3 CH ) ; 1.2-2.4 (12H,m, 
2xCH(CH 3 ) 2 , CHCH 2 CH and ( CH 2 ) u ) ; 3.0-3.3 (4H,m, 
2xNHCHC0,CH 2 ) ; 3 . 44 ( 1 H , q , J= 7Hz , val a-CH) ; 3.7(3H,s 
CH 3 -0); 4.28 (1H, q. J = 7Hz,NH); 7.16 (IH.m.NH).; and 

20 7.92 ( 1H,d, J = 8Hz,NH) . 

The N- { t-buty 1 oxycarbony 1 ) -L-leucy l-L-.valine 
N-hexylamide used as a starting material was prepared 
as follows: 

N-Tert iary buty loxycarbonyl-L-valine N-hexylamide 
25 (15^) in dichl oromethane (30ml) was treated with tri- 
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fluoroacetic acid (30ml) at room temperature for 45 
minutes. The excess tri fluoroacetic acid was removed 
in vacuo and the residue redissolved in d ichloromethane . 
The solution was adjusted to pH7 with triethylamine , 
N-tertiarybutyloxycarbonyl-L-leucine (13g), 1-hydroxy- 
5 benzotriazole (7g) and DCC (10g) were added and the 

reaction mixture stirred at room temperature overnight. 
The reaction mixture was filtered and the organic 
phase washed with, aqueous sodium hydrogen carbonate,^ 
1M citric acid and then water, dried over sodium 
10 sulphate and concentrated in yacuq to a gum. The gum 
was chromatographed on silica developed in a gradient 
of 20% ethyl acetate to 50% ethyl acetate in petrol to 
afford N-tertiarybutvloxyc arbonvl-L-leucyl-L-valine 
N-hexylamide H9g> which crystallised from ether 
15 hexane as needles; m.p- 115-H6-C; (Found: C.63.2; 

H.10.3; N.10.1. C 22 H A3 N 3 0^1/AH 2 0 requires 0,63.2-; 
H,10.5; N 10.1%); V max (nujol) 3300, 3080, 1680, 1630 
and 1520 cm" 1 ; & ( CDC1 3) 0-9 <15H,«n, 2xCH(CH 3 ) 2 and 
CH 2 CH 3 ); 1.1-2.3 (12H,m, (CH.,1,, CH^CHtCH.^, CHCH(CH 3 > 
20 1.A5 (9H lS| C(CH 3 ) 3 ); 3.25 < 2H ,m .NHCH.,) ; A. 12 (1H,m, 
o-CH from leucyl residue); A. 2 (1H,t, J=5Hz., a-CH 
from valyl residue); 5.07 (IH.m.NH); 6.55 { 1H,m,NH) 
• and 6.80 (1H,d,J = 1.0 Hz, NH) . . 

The N-t-butyloxycarbonyl-L-valine N-hexylamide 

25 required as a starting material in the preparation 
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above was synthesised as follows: 

Tertiarybutyloxycarbonyl-L-val ine (25g) in 
"d ichloromethane { 200ml )• was treated with 1-hydroxy- 
benzotriazole (15-5g) hexylamine (11.6g) and DCC 
(26g) at room temperature for 2 days. The solution 
was filtered and the organic phase washed with 
aqueous sodium hydrogen carbonate, aqueous citric 
acid (1M) and water, dried over sodium sulphate and 
concentrated in vacuo to afford tertiary butyloxy- - 
carbonyl-L-valine N-hexylamide (28g) which crystallised 
from methanol-water as needles; m.p. 7A-76°C; (Found: 
C,63.8; H.10.6; N,9-4. C 1 6 H 32 N 2°3 ret J uir es C.64.0; 
H,10.7; N,9.32%); ^ max (Nujol): 3280 and 1630 cm" 1 ; 
5(CDC1 3 ) 0.8-1 (9H,m, 3 x CH 3 > ; 1.3 ( 8H , m , ( CH 2 ) ^ ) ; 
15 1.A5 (9H,s, (CH 3 ) 3 C); 2.1 ( 1 H ,m , CH ( CH 3 ) 2 ) ; 3.3 ( 2H , m , 
NHCH 2 ); 3.9 (IH.dd, J = 8Hz and 5Hz.,a-CH); 5.2 (1H,d, 
J = 8Hz', C0NH) and 6.26 ( lH,tn,NH) . 
Example 2 

N-[ 1-(R ) -Me thoxy car bony 1 ethyl ] -L-leucy 1-0-benzyl-L - 
20 tyrosine N-Methylamide 

N-Boc-O-benzyl-L-tyrosine methylamide (3g, 7.7niM) 
. was dissolved in 1:1 TFA/CH^Cl^ (100ml). After 15 
min. the solvent was removed in vacuo and the residue 
taken up in H 2 0 (100 ml), neutralised with NaHC0 3 and 
extracted into CH 2 C1 2 (3 x 100 ml). The organic extract 



25 



BNSDOCID: <EP 0126974A1 J_> 



0126974 

- 27 - 

was dried and evaporated In vacuo to yield a white solid 

. (2.2g). This material in CH 2 C1 2 (50 ml) and DMF (5 ml) 

was treated at 0° with N-[l- (R) -me thoxycarbonylethyl] - 

L- leucine (1.3g, 6mM) , 1-hydroxybenzotriazole (960 mg, 

6«4mM) and dicyclohexylcarbodiimide (1.3g, 6.5mM) and the 

mixture allowed to warm to room temperature over 2h. After 

a further 12h the reaction mixture was filtered, washed with 

sat* NaHCO^ and then brine, dried and then evaporated in 

vacuo to yield a solid, 2.5g (68%)- Recrystallisation 
— — — — ^ 

) from CH 2 Cl 2 /hexane gave the title compound ; m. p. 65-68°; 

[a]J° = -3.3° (C=0.2, MeOH) ; (Found: C, 66.72; H, 7.61; 
N, 8.72. C 27 H 37 N 3°5 requires C, 67. 02; H, 7.71"; N , 8.69%); 
V max (nujol) 3280 br r 1735, 1635 and 1510 cm" 1 ; £*(CDCl 3 ) 
0.87 and 0.9 (each 3H, each d, J=4Hz. and 2.5 Hz, (CH 3 ) 2 CH); 
5 l.l(lH,m, (CH 3 ) 2 CH 2 CH) ; 1.3 (3H,d,J=8.5 Hz., CH 3 CH) ; 1.45 

(2H,m, (CH 3 ) 2 CH 2 CH) ; 1.58 br (lH,s, CHNHCH , exch) ; 2.77 

(3H,d,J=6Hz, NHCH_ 3 ) ; 3.0 (lH,dd,J=12 and 8Hz, CH 2 C fi H 4 ); 

3.07 (lH,m, (CH 3 ) 2 CH 2 CH) ; 3.18 (lH,dd,J=12 and 6Hz, CHCH 2 C 6 H 4 ) ; 

3.38 (1H ,q,J=8.5Hz, CH 3 CH) ; 3.68 (3H ,s ,OCH 3 ) , 4 .62 
0 (lH,q,J=7Hz, NHCH(CH 2 C 6 H 4 )CO) ; 5.02 ( 2H ,s ,OCH 2 C 6 H 5 ) ; 6.71 

br (lH,q,J ca 5Hz, exch. NHCH-.) ; 6.89 and 7.12 (each 2H, 

each d r each J=8Hz , CgH 4 ); 7.4 (5H,m,C 6 H 5 ) and 7.75 (lH,d, 

J=9Hz, exch, COMHCHCO) ; m/e 4 84 (100%, [M + 1] + ), 381 

(27) and 172 (28). 
5 The syntheses for the two starting materials required 

in the preparation above are described in the following 
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paragraphs. — 

(a) N-t-Butyloxycarbonyl-Q-benzyl-L- tyrosine N -Me thy lamide 
. N-t-Butyloxycarbpny 1-0-benzyl-L- tyrosine {7.4g, 20mM) , 

1-hydroxybehzotriazole (3g, 20mM) , nvethy lamine hydrochloride 

5 (1.3g, 20mM) and N-methyl morpholine were dissolved in 
. CH 2 C1 2 (200 ml) and cooled to 0°C. Dicyclohexy Icarbodi- 
imide (4.2g, 20mM) was added and the reaction allowed to 
warm to room temperature over 4h. After a further 12h 
the reaction mixture was filtered? the filtrate was 

10 washed with sat NaHCO^ * 3N citric acid and brine, dried 
and evaporated in vacuo to give the required N —methyl- 
amide which was recrys tallised from CH 2 C1 2 and hexane 
(4.5g, 58%); m.p. 165-172°; [a]J° =+15.2° (C=0.2, 
MeOH) ; (Found: C, 68.85; VL , 7.43; N, 7.39. C 22 H 28 N 2°4 

15 requires C, 68.73; H, 7.34; N, 7. 29%) ; ✓ (nu jol) 3330, 

max 

1685, 1672, 1655 and 1520 cm" 1 ; <J, (CDCl 3 ) 1.4 (9H,s, 

(CH 3 ) 3 C); 2.91 (3H,d, J=5Hz , NHCH^) ; 3.0 (2H ,m,CH 2 C 6 H 4 ) ; 

4.26 (lH,q, J=7.5Hz, NHCH (CH 2 )CO) ; 5.04 (2H,S, OCH^CgHg) ; 

5.08 br (lH,s, exch, NH) ; 5.84 br (lH,s,exch); 6.91 and 
20 7.09 (each 2H , each d, each J=8Hz. r CgH^) and 7.4 (5H,m,CgH 5 ); 

m/e 385 (68%, [M+l] + ) , 329 (100), 285 (66) and 267 (58). 

(b) W-[l- (R) -Methoxycarbonylethyl] -L-leucine 

This was prepared in two steps from L-leucine benzyl 
.ester as illustrated below: 
25 9 L-Leucine benzyl ester , para -toluene sulphonic acid 

salt (120g, 0.3M) was dissolved in dry methanol (300ml) 
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and the pH (moist pH paper) adjusted to~6 using Et^N 
and acetic acid. Methyl pyruvate (62. 4g, 0.6M) in dry 
methanol (lO.Oml) and 3A molecular sieves were added; 
the mixture was cooled to 5° and then NaBH^CN (lOOg, 
5 1.58M) in methanol (600ml) added. After stirring for 

3 days the reaction mixture was filtered and evaporated 
in vacuo . The residual white solid was partitioned 
between H 2 0 (SOOml) and CH 2 C1 2 (4 x 200ml) ; the organic 
phase was evaporated to a yellow oil and then partitioned 
10 between hexane (250ml) and 1M oxalic acid (4 x 250ml) . 

The aqueous phase was neutralised with NaHCO^ and extracted 
into CH 2 C1 2 (4 x 250ml) . The organic phase was dried 
and evaporated in vacuo to yield a yellow oil (90g) r 
which was chroma tographed on Si0 2 using a gradient of 
15 EtOAc in hexane as eluant. The faster running diastereo- 
isomer, 

N- £1- (R) -methoxycarbonylethyl] -L-leucine benzyl ester e was 
isolated as an oil (22g, 20%) ; [of]? 0 = -4 9-5° (C=0*2, MeOH) ; 
(Found: C, 66. OS; H, 8.19; N , 4.75. C 17 H 26 N °4 re( I uires 

20 C f 66.42; H r 8.19; N, 4-54); * av (nujol) 1735 cm" 1 ; 

max 

£(CDC1 3 ) 0.89 and 0.92 (each 3H , each d, each J=3.5 Hz., 
(CH 3 ) 2 ); 1.29 (3H,d,J=7Hz; CH-j) ; 1.5 (2H ,m)cH 2 CH) : 1.74 
(2H,m f NH and CH 2 CH (CH 3 ) 2 ); 3.34 (lH,q, J=7Hz, CHCH-j) , 
3.39 (lH,t,J=7Hz, CH 2 CH (NH)CO) ; 3.69 (3H, s, OCH-j) ; 
25 5.15 (2H # m,OCH 2 C 6 H 5 ) and 7.35 (5H,s,C 6 H 5 ); m/e 308 (100%, 
[M+l] + ); 232 (53) and 172 (44). 
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The slow running diastereoisomer , ~" 
,N"[l-(S)-methoxyca rbonylethvl)-L-loucine benzyl ester , was 
isolated as an oil (11.3g^ lO%) ; jV) 2 ^ = 1.73- (C=0.2, 
MeOH) ; (Found: C, 66.42; H, 8.30; N, 4.54. C^H^NO, 

5 requires C, 66.42; H, 8.19; N, 4.55%) y max (fil m) 1730cm" 
i (CDC1 3 ) 0.87 and 0.9 (each 3H, each d, each J=5.5Hz, 
(CH 3 ) 2 CH); 1.27 (3H,d,J=7Hz, CH 3 CH) ; 1.49 (2H,m, (CH^.,- 
CHCH 2 ); 1-74 (1H, heptet, J=7Hz, (CH 3 ) 2 CH); 2.2 br 
(lH,s,NH), 3.3 (2H,m,CHNHCH) , 3.65 (3H,s,OCH,); 5.13 

10 (2H,s,OCH 2 C 6 H 5 ) and 7.35 (5H,s,CgH 5 ); m/e 308 (100%, 
[M+l] + ) and 172 (IOO) . 

The R-benzyl ester (~13g, 4 2mM) was dissolved in 
methanol (300ml) and hydrogenated over 10% palladium on 
charcoal at atmospheric pressure. The catalyst was removed 

15 by filtration through celite-and the filtrate evaporated 

■ ln vacuo to y ield a white gum, which was crystallised from 
MeOH/Et 2 0 to give the required leucine derivative as a 
white crystalline solid (7.5g, 82%); mp 150-151<» ; 
(Found: C, 55.27; H, 8.72; N, 6.43. C^H^NO^ requires 

20 C, 55.3; H, 8.81; N, 6.455); [a] J" 0 8.4 (C=0.2 , MeOH) ; 
v max (nu 3 ol > 3400 br, 2500 br and 1755 cm" 1 ; >(d 6 DMSO) 0.85 
(6H, m, (CH 3 ) 2 CH 2 ); 1.17 (3H,d,J=7Hz, CH-jCH) ; 1.38 
(2H,m, (CH 3 ) 2 CHCH 2 ); 1.74 (in, heptet, J=6Hz, (CH 3 ) 2 CH); 
3.14 (1H, t, J=7Hz", NHCH(CH 2 )C0 2 H); 3.29 (JLH,q,J=7Hz, - 

25 CH 3 CH) and 3.6 (3H,s,OCH 3 ); m/e 218 (100%, [M+l] + ), 172 
(27) and 158 (17) . 
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EXAMPLE 3 

N- f 2-N- [N- (2,4 -Dinitrophenyl) -L-prolyl-L-leucyl] a ml no-I- 
CR) -methoxycarbonylethyl] -L-leucyl-O-benzy 1-L-threonine 
N -Me thy 1 a mid e 

5 This was prepared starting from methyl N-t-butyloxy- 

carbonyl-N~benzyloxycarbonyl (R) -2 # 3— diaminopropionate and 
benzyl 4-methyl-2-oxo-pentanoate in the steps described in 
the following paragraphs - 

(a) N-C2-N- (t-Butyloxycarbonyl) amino*!- (R) -methoxycarbonyl - •. 

> 

10 ethyl! -L-leucine Benzyl ester 

To a stirred solution of methyl N-t-buty loxycarbonyl- 
N-benzyl oxycarboxyl-(R) -2 , 3-diaminopropionate (25g) in THF 
(ISOml) and acetic acid (8ml) was added palladised charcoal 
(10%, 2g) and the mixture hydrogenated at 25° and 760 iranHg 
15 for 2h. The catalyst was removed by filtration and to the 

filtrate was added * THF (50ml) , benzyl 4-methy 1-2-oxopentanoate 
(SOg, from the corresponding acid by treatment at reflux 
with benzyl alcohol in the presence of para-toluene 
sulphonic acid and azeotropic removal of water) in THF 
20 (50ml) and finally water (70ml) . The pH of the rapidly 
stirred solution was adjusted to 6.5 with triethy lamine 
and sodium cyanoborohydr ide (4.5g) was added portionwise 
over O.Sh. The pH was maintained at 6.5 by periodic 
addition of acetic acid. After 16h at 20 0 r a further 
25 portion of sodium cyanoborohydr ide (2g) was added and 
stirring continued for 24h. The reaction mixture was 
concentrated in vacuo and the residue was partitioned be— 
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twccn CH 2 Cl 2 (200ml) and water (lOOml) . The aqueous layer 
was washed with fresh CH 2 C1 2 (2 x lOOml) and the combined 
- 'organic extracts washed successively with 3N-citric acid 
solution water and finally saturated aqueous sodium hydrogen 

5 carbonate solution and then dried over MgSO^ . The oil 

isolated from the CH 2 C1 2 was purified by chromatography on 
silica eluting with CH 2 C1 2 in an increasing ethyl acetate 
gradient to give the required benzyl ester (9.6g) as an 
oil which slowly crystallised, m.p. 59.5-61° (from ether- 

10 hexane); I>3? 5 = 22.1° (C « 1.1, MeOH) ; (Found: C, "62.40; 
H, 8.08; N, 6.57. C 2 2 H 34 N 2°6 re( 3 uires c ' 62.54; H, 8.11; 
N, 6.36%); V max (CHC1 3 ) 1730 and 1705 cnf 1 ;^ (CDCI3) 0.89 
(6H r t, J=6-3Hz, CH(CH 3 ) 2 ); ~1.43 (9H,s, C(CH 3 ) 3 ); 1.50 
(2H r m, CH 2 CH); 1.76 ( 2H ,m,CH 2 CH (CH 3 ) 2 and NH) ; 3.35 

15 (4H,m,CH 2 N and 2x a-CH) ; 3.67 (3H,s,OCH 3 ); 4.98 br 

* (lH,s,NHCOO) , 5.12 (2H,d, J=ll,5Hz, CH 2 Ph) and 7.36 (5H, 
m,C 6 H 5 ); m/e 4 23 ([M*l] + ). 

(b) N-[2-N- ( t-Butyloxy car bony 1) amino-l- (R) -methoxy- 
carbonylethyl] -L-leucyl-O-benzyl-L-threonine N- 
20 Methylamide 

The foregoing benzyl ester (6g) in methanol (50ml) 
was hydrogenated at S.T.P. over lOS palladised charcoal 
(lOOmg) for O.Sh. The catalyst was removed by filtration 
and the material recovered from the methanol was recrystal- 
25 lised from me thanol-ether to give the intermediate carboxylic 
acid (4 . 5g) , 

m.p. 147-148°. A portion of this material (2.8g) in CH P Cl 9 
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(lOOml) and DMF (20ml) was treated at 0° with 1- 
• hydroxybenzotriazole (1.3g) , and N-ethyl-N 1 - (3-dimethyl- 
aminopropyl) carbodlimide" hydrochloride (1.6lg). After 
0.5h at 0° , 1,-0-benzyl-threonine N-methylamide (1.86g) 

5 in CH 2 C1 2 (lOml) was added and the mixture allowed to warm 
to 20° over lh. After 36h at 20°, the reaction mixture 
was washed in . turn with saturated sodium hydrogen carbonate 
solution, 3N-citric acid solution and finally brine and 
then dried and evaporated in vacuo . - Crystallisation .of the 

10 resulting oil from ether-pentane gave N— f 2 — N- ( t-bu ty loxy- 
carbonyl) amino- 1- (R) -roethoxycarbonylethyll — L— leucyl-Q- 
benzyl-L- threonine N-methylamide (3g) , m.p. 95-97°; (Found; 
C, 60.42; H f 8.20; N, 10.44. C 27 H 44 N 4°7 requires C, 60.43; 

H, 8.26; N , 10.44%) ; £ (CDCI3) 0.94 (6H,d, J=6-2Hz., 

15 CH(CH 3 ) 2 ); 1.13 (3H ,d , J=6 .4Hz , CHCH 3 ) ; 1.43 ( 9H ,s ,C (CH-j) 3 ); 

I. 54-1.85 (3H,m,CH_ 2 CH) ; 1.95 broad (lH,s, NH) ; 2.82 (3H,d, 
J=4 . 8Hz , NHCH 3 ) ; 3.1-3.62 (4H,m,NCH 2 , OCH and aCH) r 3.65 
(3H,s,OCH 3 ), 4.3 (lH,m,a-CH) , 4.45 (lH,dd, J=6.3 and 2.3Hz, 
a-CH) ; 4.54 and 4.62 (each 1H, each d, each Js?11.6Hz, 

20 CH 2 Ph) ; 5.05 broad (lH,s, NHCOO) , 7.05 (1H ,m,NKCH 3 ) , 7.32 
(5H,m,C 6 H 5 ) and 7.88 (lH,d, J=8.4Hz r NH) . 

(c) N- [2-N- [N- (2 ,4-Din itropheny 1) -L-proly 1-L-leucyl] amino- 
1- (R) -methoxycarbonylethyll -L-leucyl-O-benzyl-L- 
threonine N-Methy lamide 
25 To a stirred solution of the foregoing t-butyloxy- 
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carbonyl protected peptide (536mg) in CH 2 C1 2 (3ml) was 

added trif luoroacetic acid (3ml) at 0°. The solution was 

allowed to warm to 20° and then stirred at this temperature 

for 2h. The residue after evaporation of the organic 

5 ' solvents was taken into CH 2 Cl 2 a "d the. solution washed with 

saturated sodium hydrogen carbonate solution, dried (Na-^SCK) 

2 4 

and evaporated in vacuo to yield N-[2-amino-l- (R) ~ 
methoxycarbonylethyl} -li-leucyl-O-benzyl-L- threonine N— 
methylamide (330 mg) . This material in CH 2 C1 2 (10ml> was 

10 added to a solution of N-tN-(2 f 4-dinitrophenyl)-L-prolyl3- 
L-leucine (330mg) in CH 2 C1 2 (10ml) containing 1-hydroxy- 
benzotriazole (132mg) and N-ethyl-N ' - (3-dimethylamino- 
propyl) carbodiimide hydrochloride (191mg) stirred at 5°. 
After 16h at 4° the solvent was removed in vacuo and the 

15 residue in ethyl acetate washed in turn with water, saturated 
sodium hydrogen carbonate solution and finally 3N-citric 
acid solution * The material isolated from the ethyl acetate 
was recrystallised from CH 2 Cl 2 - ether to give* the required 
peptide (440mg) , m.p. 138-142°; (Found: C, 57.34; H, 6-92; 

20 N, 13.61. C 39 H 56 N 8°11 requires C, 57*62; H, 6*94; N, 

13.78%) ; ^ jhax (CHC1 3 ) 3295, 1730 and 1635 cms" 1 ; g(CDCl 3 ) 
0.95 <12H,m, 2xCH(CH 3 ) 2 ); 1.14 (3H ,d , J=6 . 3Hz , CH-jCH) ; 
1.3-2.15 and 2.4 5 (IOH ,m,CH 2 CH 2 and 2xCH 2 CH) ; 2.74 
(3H,s,NHCH 3 ) ; 3.3 <3H,m,CH 2 N and CHO) ; 3.56 (3H,m,CH 2 N 

25 and Q-CH) ; 3.63 (3H,s,OCH 3 ); 4.06, 4.25 and 4.56 (1H,2H 
and 1H respectively, each m, 4xaCH) ; 4.4 3 and 4.55 (each 
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1H, each d, J=11.7Hz, CH 2 Ph) ; 7.00 (1*1,3, J=9.5Hz, 
. 6-H in C fi H 3 ) ; 7.28 <5H, s,CgH 5 ); 8.16 (lH,dd, J=9.5 
and 2.8Hz, 5-H in C fi H 3 ) arid 8.54 (lH,d r J=2.8Hz, 3-H in 

C 6 H 3 ); m/e 813 ([M+13 + >- 
5 O-Benzyl-l-threonine N-methylamide used in step (b) 

above was prepared from N-t-butyloxycarbonyl-O-benzyl-L- 
• threonine N-methylamide by exposure to trif luoroacetic 
acid in CH 2 Cl 2 . This in turn was prepared from N-t-bu;::yl- 
oxycarbonyl-O-benzyl-L-threonine and me thy la mine using 
10 the procedure described in Example 2 for the tyrosine 
analogue. 

N- [N- (2 r 4-Dinitrophenyl)-L-proly 13 -L- leucine used 
as starting material in stage (c) was prepared from N- 
(2,4-dinitrophenyl)-L-proline and leucine methyl ester 
15 using the coupling procedure involving N-ethyl-N f - (3- 
dimethylaminopropyl)carbodiimide hydrochloride as the 
condensing agent in the presence of 1-hydroxybenzotriazole 
(as illustrated in Example 3) followed by hydrolysis of 
the methyl ester with 2N-sodium hydroxide solution (see 

20 Example 5) . 

Methyl NB-t-buty loxycarbony 1-Na-benzy loxycarbrnyl- (R) - 
2 ,3-diaminopropionate, used as the starting material in 
stage (a) , was prepared as follows: 

To a stirred suspension of N-benzyloxycarbony 1- (R) - 
25 2,3-diaminopropionic acid [19- 5g; from Na-benzy ^oxycarbony 1- 
D-asparagine exactly as described for the L-isoner in 
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Synthesis , 266 , (1981)3 in dry methanol (60ml) at -20° 

• was added thionyl chloride (30g) dropwise over 40min. 

The reaction mixture was allowed to warm to 20° over lh 

and then heated at 50° for lh. The residue after removal 

5 of the solvent was recrystallised f rom.methanol-ether to 

* 

give methyl Na-benzyloxycarbonyl-R-2 /3-diaminopropionate 
hydrochloride (22. 5g) ; m.p. 170-172°; (Found: C49.86; 
H, 5.89; N, 9.53. c i 2 H i7 N 2°4 C1 re< 3 uires c * 49.91; 
H, 5.93; N, 9. 70S) ; v> max (Nujol) 3305, 1735 and 1688 cm" 1 ; 

10 S (d 6 DMSO) 3.00-3.32 (2H,m,CH 2 NH 2 ) ; 3.7 (3H /S ,OCH 3 ); 4.45 
(lH,m,a-CH) ; 5.09 (2H ,s ,CH 2 Ph) ; 7.36 (5H,s,C g H 5 ); -7.95 
(lH,d,J=7.5Hz, NHCOO) and 8.28 bfoad (3H,s, NH 3 ) ; ro/e 
253 ([M+13 + ). A portion of this material (22. 5g) in DMF 
(150ml) was treated with Et^N until the pH was 10. Di-t- 

15 butyl dicarbonate (16.8g) was added to the solution 

stirred at 5°. After a further 2h at 20°, the reaction 
mixture was filtered and evaporated in vacuo and the 
residue partitioned between ether and water. The aqueous 
layer was extracted twice more with fresh ether and the 

20 combined organic extracts washed in turn with ice cold 

IN -hydrochloric acid, saturated sodium hydrogen carbonate 
solution and finally water. The* oil isolated from the ether 
was crystallised from ethyl acetate-hexane to give methyl 
Ng-t-butyloxycarbony 1-Na-benzy loxycarbonyl- (R) -2 , 3-diamino - 

25 propionate (22. 5g); m.p. 89-91°; (Found: C, 57,86; 

H, 6.95; N, 7.93. C 1? H 24 N 2 0 6 requires C, 57.94; H f 6.86; 
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N, 7.95%); V =v (CHCIO 3600 and 1700 cm 1 ; £ 1.4 
(9H,s, C(CH 3 ) 3 ); 3.5 broad (2H, s r CH 2 N) ; 3.72 <3H, 
. s, OCH 3 ); 4.4 (1H, ct-CH) ; 5.09 (2H r s, CH 2 Ph) ; 5.2 
broad (lH,s, NHCOO) ; 6.O6 (1H, d, J=7.3Hz, NHCOO) and 
5 7.32 (5H, s r CgH 5 ) . 
EXAMPLE 4 

N-[1-(R) -Methoxycarbonylethyl] -L-leucyl-Q-benzyl-L- 
tyrosine N-Methylamide 

Leucine benzyl ester para -toluene sulphonic acid salt 
10 (113g) in dry acetonitrile (800ml) was treated with methyl 
2-bromopropionate (62,7ml) and N-methyl roorpholine (lOOral) 
under reflux for 16h. The reaction mixture was concentrated 
in vacuo and the residue in ethyl acetate washed with brine, 
dried (Na 2 S0 4 ) and evaporated. Chromatography of the 
15 resulting oil on silica in 1:4 ethyl acetate-hexane gave 

N-[l"(R)-methoxycarbonylethyl3-L-leucine benzyl ester (4 5g) 
as the faster running fraction. This material was treated 
exactly as described above in Example 2 to give the title . 
compound. 
20 EXAMPLE 5 

N [1- (R) -Carboxyethyl] -L-leucy l-Q-benzyl-L-tyros ine- 

v 

N-Me thy 1 amide 

The methyl ester (l-5g, 3.1mM) from Example 2 
was dissolved in methanol (20ml) and treated with IN 
25 sodium hydroxide (3.5ml f 3.5mM). After 18h, the pH was 

adjusted to 5 with acetic acid and the solvent removed in 
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vacuo to yield a white solid. Recrystallisation first 
. from water and then from methanol-ether yielded the N-[l- (R) - 
carboxyethy 13 -Ii-leUcyl-Q-benzyl-L-tyrosine N— methyl amide 
as a white powder (1.02g), m.p. 195°; [V]> 0 = +7.2° 
5 (C = 0.2, MeOH) ; ' (Pound: C, 63.76; H , 7.64; N, 8.57. 

C 26 H 35 N 3°5* H 2° re< 3 uires c » 64. 05; H, 7.65; N, 8.62%); 
^ av (Nujol) 3540 (br) , 3330 and I68O cm" 1 ; S (d 6 DMSO) 

0.82 (3H,d, J=6Hz, (CH 3 ) 2 CH); 0.87 (3H,d, J=6Hz , (CH 3 ) 2 CH); 

1.13 (3H,d, J=7Hz., CH 3 CH) ; 1.24 (2H,t, J=6Hz., CHCH 2 CH: 
10 1.59 (lH,m, (CH 3 ) 2 CHCH 2 ) ; 2.63 (3H,d, J=5Hz, NHCH 3 ) ; 

2.72 <lH,dd, J=ll and 12Hz, CHCH 2 C g H 4 ) ; 2.8 (lH,q, J=7Hz , 

CH 3 CH (NH)C0 2 H) ; 2.95 (lH,dd, J=12 and 5Hz, CHCH 2 CgH 4 ) ; 

3.21 (lH,t, J=7.5Hz, NKCH (CH 2 CH (CH 3 ) 2 C0) ; 4.53 br (lH,m r 

NHCH(CH 2 C 6 H 4 )CO) ; 5.08 (2H ,s , Cgf^OCt^Cgt^ ) ; 6.93 and 7.17 
15 (each 2H , each d, each J=7.5Hz, C g H 4 0); 7.48 (5H,m,CgH 5 ); 

7.98 br (lH,q, J=5Hz , NHCH 3 , exch) and 8ll (lH,d, J=9Hz., 

CHCONHCH, exch); m/e 470 (88% [M+l] + ), 452 (51), 424 

(29), 285 (IOO) and 158 (49). 
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!Ui-lWj-£ajLb^ N-Phenethylaaicig 

N { 1 - (R) - Ethoxyca rbony 1 ethy 1 ] - L-I.cuc inc 
N-phenethy lamide (71£mg, 2.1mM) was dissolved in MeOK 
(50ml) and treated with IN NaOH (3irl, 3rr.M) at room 
teriperature. After 12h, the reaction mixture was 
acidified with AcOH and evaporated jLn vac uo to a solid 
which was washed with H 2 0 and dried to yield the title 
conpound (400mg); in. p. 201-205°; (Found: C, 66.44; 
H,8.55; N,9.11; C 17 H 2 6 N 2 0 3 re <3 uir es C,66.64; H,8.55; 
N,9.14%); i) max (Nujol) 3330, 1660 and 1530 cm" 1 ; 
£(d 6 DMS0) 0.825 (6H,t, J=6.2Hz, {CH 3 ) 2 CH), 1.15 (3H,d, 
J=6.8Hz, CM 3 CH) r 1.29 ( 2H / m r Cfi 2 CH) , 1.55 (1H, 
heptet,J=7Kz, Cfl(CH 3 ) 2 ), 2.71 (2H,t, J=7Hz , Cfl 2 C 6 H 5 ) r 3.0 
(lH,q,J=7Kz, CaCH 3 ), 3.14 (lH,t, J=7Hz, C^Cfi) , 3.32 
(2H,q,J=6Kz, NHCfl 2 CH 2 ) , 7.12 (5H,m,C 6 H 5 ), 7.5 (2H,br 
s,OIi and CHNfiCH) and 8.15 (2H,t,J=5Hz, NfiCH 2 ) . 

The N [ 1- (R) -ethoxycarbonylethy 1] -L-leucine 
N-phenethylamide required in the preparation above was 
synthesised as follows: 

N[l-(R)-Ethoxycarbonylethyl]-L-leucine (1.39g r 6mM) , 
N-ethyl-N 1 - ( 3 -dime thy laminopropyl) -carbodi imice 
hydrochloride (1.16g r 6ir.M) , 1-hydr oxybenzot r iazole 
(0.93g, 6mM) and phenethylanine (0.7g, 6r,M) were 
dissolved in DMF (50ml) at -6°. N-Mcthy l-n;orphol ine 
(6.62c, 6.2r;') was added and the reaction mixture- 
allowed to wain* to rocr* temperature. After 12h the 



_ 4 o - 01 26974 

solvent was removed in j^aiLUS. The residue in EtOAc 
(150ml) was washed with H 2 0 (2 x 100ml) , dried and 
evaporated in xasnisi to yield an oil which was purified 
by chromatography on Si0 2 in EtOAc to give 

5 N[l- (R) -ethoxycarbonylethyl] -L-leucine N-phenethylamide 
as an oil (1.84g) . For analysis, a portion of this 
material was dissolved in MeOH, treated with anhydrous 
HC1 in Et 2 0 and evaporated in v acuo to yield the 
corresponding hydrochloride as a foam; (Found: C,60.28; 

10 H,8.54; 11,7.35; C 19 H 30 N 2 O 3 .HC1.0. 4 H 2 0 requires 

0,60.35; H,8.48; N,7.41%); U3 D 20 = +9.4° (c=0.2, 
MeOK); ^max < Nu 3 ol > 3400 (br) , 3100 (br) , 2510 (br), 
2400 (br), 1740, 1670 and 1550 cm" 1 ; <g (CDC1 3 ) 0.92 and 
0,95 (6H, each d, each J=7Hz, (CH 3 ) 2 CH), 1.27 (3H, t, 

15 J=6.5Hz, CH 3 CH 2 ) , 1.28 (3H,d,J=7Hz, CH-jCH) , 1.3-1.7 
(3H,m,CH 2 CH) , 2.85 ( 2H , t , J=6Hz , CH 2 CH 2 C 6 H 5 ) , 3.21 
(lH,dd,J=10Hz and 4Hz,V-Cfl), 3.27 (3H,q, J=6 .5Hz , CH-jCH.) , 
3.54 (2H,q,J=7Hz, NHC£ 2 CH 2 ) , 4.16 and 4.18 (2H, each q, 
each J=6.5Hz, OCH 2 CH 3 ) and 7.25 (6H,m,C 6 H 5 and NHCO) . 

20 The starting material required in the preparation 

given above was synthesised in two steps from leucine 
benzyl ester as follows : 

(a) Nfl-fR) ■Ethoxyca x bon yl. et hyll-L-Leu^xag. Benzylester 
L-Leucine benzyl ester (186. 65g, 0 . 843M) , ethyl 
25 2-bromopropiona te (153 .lg, 0 .846M) and 

N-methylmorpholine (165ml, 1.5M) were dissolved in dry 
CH 3 CN (SODml) and refluxed for 12h. The solvent was 
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r i-i.M i in v^;uc and thv rti.iclut*- r I i t i d b* twrcn H^O 
(21) and EtOAc (3 x 11). The organic pharc was 
v,::hrd with brine, dried and cv.^oi ated in vacuo. The 
resulting oil was chroratogr apnea on SiC>2 * n 7.5% EtOAc 
in hexane to give the iJLiJLe compound (70g) as the farter 
running fraction; (Found: C,67.02; H,8.42; N,4.25; 

C 18 H 27 N0 4 re< 3 uires C/67.26; H,8.47; N,4.36%); V max 
film 1730cm" 1 ; *b(CDCl 3 ) 0.88 and 0.9 (each 3H, each d, 
each J=6.5Hz, CH(CH 3 ) 2 ) 1.23 (3H, t , J=7Kz ,CH 3 CH 2 0) , 1.27 
(3H,d, J=7Kz f CH 3 CH) r 1.5 (2H f m f CHCa 2 > t 1.7 (1H, heptet, 
J=7Kz, CH(CH 3 ) 2 ) / 2.2 (1H, br s,Nii) , 3.32 (2H,m, 
CHNKCfi) , 4.10 and 4.12 (each 1H, each q, each J=7Hz, 
OCH 2 CH 3 ) , 5.12 (2H,s, OCfi 2 C 6 H 5 ) and 7.34 (5H,s r C^) ; 
ni/e 322 (100%; [m+1] ) + , 260 (15), 186 (26) and 112 (28). 
(b) Nf l-fRl-Ethoxyca rbonyl ethyl 1-L- leucine 

N[ 1- (R) -Ethoxycarbony lethyl] -L-leucine benzyl ester 
(69.09g, 0.215M) was dissolved in MeOH (300ml) and 
hydr ogenated at 1 atmosphere over 5% palladium on 
charcoal (5g) . After 1.5h, the catalyst was ren.oved by 
filtration and the filtrate evaporated in vacij p to yield 
a solid (46. 8g) which was recrystall ised from KeOH/EtjO 
to yield the ±i_fc_le_ compoun d (24g) ; in. p. 149-150°; 
l ; XJ D 2P = 8.8° (C=1.4, HeOK) ; (Found: C,57.14; H,9.06; 
N,6.02; c 11 H 2i N0 4 requires C f 57.12; H,9.15; N,6.06%); 
V (Nujol) 3090 (br), 2300 (br), 1755 and 1560 cnf 1 ; 
( v > (c 6 D.".£30) 0.86 and 0.87 (6H, each d, each J^G.5Hz, 
(C]».) 0 CH), .1.19 (eii,n:,0CH o CiI-, and CKCH, ), 1.36 (2H,n, 
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CHCiijCH) , i.74 (}H, heptet, J = 6.5nz, CH 2 Qi(Cll 3 ) 2 ) , 3.14 
(lH,t, J=6 .2Hz,Cf CH) / 3.27 (lH,q,J=6 .8Hz / NHCHCH-j ) and 
4.07 (2H / q,J=7Hz / OCH 2 CH 3 ) ; m/e 232 (100%, [m+l] + ), 186 
(3) and 158 (7) . • *'* 




Nfl-fR)-Carboxv-3-mefchy1t-hioprr>PYl 1 -T.-l pn ry 1 -Q- mP t^y1 -T,- 

tyrosinft N-Methyl amide 

This was prepared from D-methionine methyl ester 
10 hydrochloride, 2-oxo-4-methylpentanoic acid and 

0-methyl-2-tyrosine in the steps described in the 
following paragraphs . 

(a) Nri-(R)-Carbomethoxv-3-methvlthioprop y l 1 -L-leucyl - 
O-iTiethyl-L-tyrosine N-Methylemide 

15 D-Methionine methyl ester hydrochloride (10g, 50mK) 

and 2-oxo-4-methylpentanoic acid t-butyl ester (9.3g, 
50nK) were dissolved in THF (75ml) and H 2 0 (25ml). The 
pH was adjusted to 6*5 with N-me thy Imorpholine,, 
NaCNBH 3 (630mg, 10mM) was added, followed after 2h by a 

20 further portion (400mg) . After 18h the reaction 

mixture was evaporated in vacua and then partitioned 
between EtOAc (100ml) and sat.NaHCC> 3 solution (2x100ml) . 
The oil isolated from the organic layer was 
chronatographed on Si0 2 using a gradient of 5-10% EtOAc 

25 in hexane. The faster running fraction afforded the 

required isomer as an oil (1.4g). £ (CDC1 3 ) 0.96 (6H,m, 
<CH 3 ) 2 CH) r 1.5 (SH,m, (CH 3 ) 3 C) f 1.4-2.0 (5H,m, CiLjCH and 
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SCH 2 CH 2 CH) f 2.1 (3H,S,CH 3 S), 2.62 (2H,m, SCil 2 CH 2 ) , 3.17 
and 3.38 (each lH f t f each J=7Kz, CHNHCH.0 and 3.7 
(3H, s,OCH 3 ) ] . The slower running isomer was also 
obtained as an oil*(1.2g). £ (CDC1 3 ) 0.95 (6H,m f 
5 (CB. 3 ) 2 CH) f 1.5 (9H,s, (CH 3 ) 3 C), 1.5-2.1 (5H,m, SCH 2 CR 2 CH 
and CH 2 CH) f 2.09 (3H,s,CH 3 S) , 2.6 (2H,m, SC£ 2 CH 2 ) , 3.08 
and 3.22 (each 1H, each dd, each J=7Hz, CfiNHCH) and 3.7 
(3H,s,OCH 3 ) ] . 

The faster running t-butyl ester (2.9g, 9mM) from 
10 above was dissolved in TFA (50ml) and H 2 0 (8.5ml). 

After 3h the mixture was evaporated in yacUQy toluene 
(50ml) was added and the solution was reevaporated in 
vacuo . The resulting oil was dissolved in CH 2 C1 2 
(100ml) and the pH adjusted to 7 (moist pH paper) . 
15 O-Methyl-L-tyrosine N-methy lamide (2.0g, 10mM) and 

1-hydroxybenzotriazole (1.5g, 10mH) were added. The 
reaction mixture was cooled to 0°, treated with 
dicyclohexylcarbodiimide (2.1g, 10mM) and then allowed 
to warm slowly to room temperature. After 18h, the 
20 mixture was filtered and the filtrate washed with H 2 0 
and sat. NaHC0 3 solution. After drying, the solvent 
was removed in jfcaiLUfi to yield an oil which was 
chrcmatographed on Si0 2 in 1 : 1 EtOAc/hexane . The 
relevant fractions yielded, after r ecrystal 1 isation from 

o 

25 Et 2 0/hexane, the jJJLLg compound (1.4g); in. p. 108-111; 
(Found: C f 58.62; H,7.91; N,8.85; C 2 3 H 35 N 3°5 S 
requires C f 59. 07; H,7.97; N, 8 . 96%) ; *y may (Nujol) 3380 
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(br), 1740 , 1610 and 15665 cm" 1 ; ^(CDC1 3 ) 0.86 and 0.87 
(each 3H, each d, each J=6Hz, (CH 3 ) 2 CH), 1.15 and 1.4 
(each 1H, each m, CH 2 CH (CH 3 ) 2 ) , 1.6 (lH,m,CH) , 1.90 
(2H,m r SCH 2 CH 2 ) , 2.08" (3H,s,CH 3 S), 2.5 (2H,m, SCE 2 ) , 2.77 

5 (3H,d,J=6Hz, NHCfl 3 ) , 3.05 ( 3H , ^t^ 2 C 6^5 and 0(-Qi) 3.47 
(lH,t,J=5Hz, C(-Cii) , 3.7 (3H,s,OCfi 3 ) , 3.8 (3H, s,C0 2 CH 3 ) , 
4.63 (lH,q, J=7Hz, a(.-Cii) r 6.69 (lH,brq, J=6Hz , NHCH-j) , 
6.82 and 7.13 (each 2H, each d, J=9Hz,C 6 H 4 ) and 7.53 
(lH,d,J=9Hz, CONHCH); m/e 468 (100%, lm+l] + ) and 232 

10 (27). 

(b) Nf WR)-Carboxy-3-methylthioprop y1 1 -T,-1 p ncyl-O- 
rcethyl-L- tyrosine N-Methylamide 

N[l- (R-) -Carbomethoxy-3-methylthiopropyl] -L-leucyl- 
O-methyl-L-tyrosine N-methy lamide (100mg f 0.2mM) was 

15 dissolved in MeOH (10ml) and treated with IN NaOH 

(0.25ml, 0.25mI4). After 18h another portion of IN NaOH 
(0.5ml, 0,5mH) and H 2 0 (2ml) were added. After a 
further 18h the reaction mixture was acidified with AcOK 
and evaporated jji :mcufl. The resulting white solid was 

20 chromatographed on C 18 -Silica eluting with a gradient of 
10% to 40% MeOH in H 2 0. The relevant fractions were 
pooled and evaporated jji the residue was 

recrystallised from hot H 2 0 to yield the titlo compound 
(20mg); m.p. 170-180; (Found; C,56.88; H,7.49; 

25 N,9.05; calculated for C^H^N^S, .0 . 6H 2 0 : C,56.90; 

H,7.86; N,9.0 5%); \) (Kujol) 3340, 165B and 1625 

ma x 

cm" ; o(d 6 DKSO) 0.82 (6H,t,J=7Hz, (Oi^CH), 1.17 and 
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1.5- 1.9 (511,10, CU 2 Cil(CH 3 ) 2 and SCH 2 CH 2 ) r 2.04 

(3H,s,CH 3 S), 2.3 (2H,m,-SCH ), 2.6 (3H,d,J=5Hz, NHCH_) , 

^ 3 

2.6- 2.95 (3H,m,CH 2 C 6 H 4 andO(-CH),), 3.14 

(lH,t 7 J=7Kz,o{-CH) ,3.7 (3H,s,OCH 3 ), 4.25 (lH,m, -CH) , 6.8 

5 and 7.12 (2x2H, each d, each J=9Hz,C^H,), 7.88 

6 4 

(lH,q,J=5Hz, NfiCH 3 ) and 8.18 ( lH,d, J=£)Hz , NJiCH) ; m/e 
454 (100%, [m+lj + ). 

O-Methyl-L-tyrosine N-methylamide used in stage (a) 
above was prepared from Z-L-tyrosine as follows: 
10 (i) Z-L-TvrosinP-O-Tn^hyl fthfX 

Z-L-Tyrosine (150g, 0.476 M) was dissolved with 
stirring in dilute aqueous sodium hydroxide (42g, 1.05H 
in 750ml H 2 0) . Dimethyl sulphate (51ml, 0.54 H) was 
then added dropwise over 30 min. to this solution at 
15 room temperature. After 2h further NaOH was added 
(4.2g, 0.105 M in 40ml H 2 o) followed by dimethyl 
sulphate (5.1ml) after which the reaction was allowed to 
stir overnight at room temperature. The reaction was 
then acidified to pH 2, extracted with CH 2 C1 2 and the 
CH 2 C1 2 laver washed with aqueous sodium chloride, dried 
(MgS0 4 ) and concentrated in vacuo, to yield the crude 
product. Recrystallisation from ethyl aceta te/hexane 
gave the required methyl e±h&x. (155g) ; m.p. 114-115°; 
(Pound: C,65.84? H,5.82; N,4.22. C 18 H lg N0 5 requires 
C,65.64; H,5.81; N,4 .25% ) ; -\J ^ (CHC1 3 ) 3412 and 1715 
cm" 1 ; ^(CCC1 3 ) 3.1 (2H,m, Cj^CgH^ ; 3.76 (3H,s,OCU 3 ) ; 
4.66 (lK,dd,J=8 and 3Kz, 0{-CR) ; 5.1 (2lI,m,Cli 2 C 6 H 5 ) ; 
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5.23 (l!I,d,J = 8Hz f N") ; 6.8 { 2H ,- d , J = B . 6Hz Ty r H-3,H-5); 
7.05 (2H,d,J=8.6 Hz,Tyr H-2,F-6); 7*33 (5H f broad 

s ' C 6 fi 5 ); m/e 330 (68% t M+1 J + >' 285 d 0 0^ [M-C0 2 H] + ). 
(ii) N-tBenzy loxycarbonyH -O-methyl-L- tyrosine 
5 N-Methylamide 

To a stirred solution of 
N- (Benzyloxycarbony 1) -O-methyl-L-tyrosine (155g, 0 .471M) 
in dry CH 2 Cl2 was added 1-hydr oxybenzotr iazole (63. 6g, 
0.471 M) followed by a solution of DCC (97.2g, 0.471M) 

10 in CH 2 C1 2 (100 ml) added slowly at 0°C. After warming 
to room temperature over lhr, a solution of methylamine 
(30g) in CH 2 C1 2 (250ml) was added dropwise to the 
reaction mixture which was then stirred overnight at 
room temperature. The reaction was then filtered, 

15 washed with saturated aqueous sodium bicarbonate (x2) , 

dried (MgSO^) and concentrated in vacuo to give a solid. 

Recrystallisation from ethyl ace tate/hexane gave the 

desired aj&ids (142g); m.p. 167-170°; (Found:, C,66.72; 

H,6.58; N,8.29. c ig H 22 N 2°4 re( 3 uires Cf66.65; H,6.48; 

20 N,8.18%)Y? (CHC1-) 3440, 1710 and 1672 cm"" 1 ; 

ma x *3 

£(CDC1 3 > 2.70 (3H,d, J=5Hz / NCE 3 ) ; 2.98 ( 2H f m^^CgH^j) ; 
3.77 (3K,s,OCfl 3 ); 4.30 (lH,dd,J=7.6 and 3Hz , C^-CH) ; 
5.06 (2H,m f 0CE o C-H c ) ; 5.43 (lH,m,OCONii) ; 5.84 
(lH,m,C0KiI) ; 6.80 ( 2H , d , J=8 . 6Hz , Tyr H-3 and H-5) ; 
25 7.15 (2H,d,J=8.6Hz, Tyr H-2 and H-6) ; 7.32 (5H,m f Cgflg) ; 
m/e 343 (100%, [m+1] + ) . 

(iii) O-Metfr yl-L- tyro sine ^l^JivJamidii 
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To a solution of N- ( Ben zy 1 ccycar bony 1) -O-me thy 1-L- 
tyrosine N-n.e thy laraide (15. 6g, 0.056 M) in ethanol 
(200ml) and DHF (200ml) was added 10% Pd/C (Ig) and 
trif luoroacetic acid" (4ral) . Hydrogen was then passed 

5 through the solution for 3h after which the reaction was 
filtered and concentrated in vacup. The residue was 
dissolved in H 2 0 (150ml) , neutralised with sodium 
bicarbonate and extracted into CH 2 C1 2 (150ml x 5) . The 
combined organic extracts were dried (Na^SO.) and 

10 concentrated in vacuo to yield an oil which subsequently 
crystallised. Recrystallisation from ethyl 
acetate/hexane gave Q-me thyl-L- tyros i nft N-methyl amir^ 
(9.0g), m.p. 90-91°; (Found: C,63.49; H,7.71; 
N,13.44 c 11 E 16 ^2 OPl re< 3 u ires C r 63.44; H,7.74; N,13.45%) 

15 Vmax < CKC1 3 > 33 50 and leSBcnT 1 ; £ (CDC1 3 ) 1.3 

(2H,br r Nfl 2 ); 2.64 (lH,dd, J=13 .8 and 9 ,2Hz r CHCgH 4 ) ; 
2.80 (3H,d,J=5Hz f NCfi 3 ) ; 3.18 (lH,dd, J=13 .8Hz and 4Hz, 
CfiC 6 H 4 ); 3.55 (lH,dd,J=9Kz and 4Hz,£(-CIi) 3.7.8 
(3H f s r OCfi 3 ); 6.85 ( 2H,d , J=8 ,2Hz , Tyr H-3 and H-5) ; 7.12 

20 (2H,d,J=8,2Hz, Tyr H-2 and H-6) ; 7.28 (lH,br , CONfl) . 

Exatr.p l e £L 

y- f 4-N- (henzvl oxvcarbonyl ) ami no-1- f R1 -tr.othoN-y^f. rh»nyi - 
bAltvll -L-1 Plicvl -n-mpfhvl -T.-fyrnsi hp N-Mefchy 1 aini do 
25 To a solution of methyl 5-N- (benzyloxycarbony 1) amino 

-2-bror.o-pentanoate (10. 3g, 0.03 K) , 

L-leucyl-0-n.e thy 1-L- tyrosine N-n.c thy 1 amide (9.6g, 0.03H) 
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and N-ruethyl ir.orpholine in dry acctonitriie (100ml) was 
added sodium iodide (4.5g, 0.03 M) . The mixture was 
then stirred and heated under reflux for 24hr. The 
cooled reaction mixture was then filtered and evaporated 

5 in 2£s_c_ua to yield an oil. Chromatography on silica 
eluting with dichlor omethane in an increasing ethyl 
acetate gradient gave the title compound (2.8g); m.p. 
124-127°; (Found: C,63.7; H,7.52; N,9.56. 
C 31 H 44 N 4°7 requires C,63.68; H,7.58; N,9.58%); \) n 

10 (CHC1 3 ) 340C f 1718 and 1660 cm" 1 ? ^(CDCl^ 0.85 and 
0.87 (each 3H, each d, each J=6Hz, CH)Cfi 3 ) 2 ) 1.0-1.85 
(8H r m,NHCH 2 CE 2 CIi 2/ CE 2 Cji and Nfi) ; 2.74 
(3H f d,J=5Hz,NCH 3 ) ; 2.96-3 .42" (6H,m,NHCii 2 , x 2, 

CH 2 C 6 H 4 ); 3.66 (3H,s,OCH 3 ) ; 3.75 (3H,s,OCH 3 ) ; 4.6 

15 (lH,dd, J=13Hz and 6Hz, o(-CH) ; 5.0 (lH,m,OC0NH) ; 5.1 

(2H,s,CH 2 C 6 H 5 ) ? 6.71 (lH,br,CONH) ; 6.80 (2H,d, J=8.6Hz, 
Tyr H-3 and H-5) ; 7.10 (2H , d, J=8 . 6Hz , Tyr H-2 and H-6) ; 
7.35 (5H,m,C 6 H 5 ) ; 7.56 (lH,m,CONH) ; m/e 585 .(100% 
[m+l] + ). 

20 The starting materials used in this preparation were 

synthesised as follows: 

(a) L=LsiiiSY I -Q-itj e t by 1 - h- ,t y_ c o s i n e N- mohhyi ami a* 

To a solution of BOC-L-Leucine (5.26g, 0.021 K) in 
CH 2 C1 2 (40ml) and DMF (10ml) stirred at 0° was added 
25 N-ethyl-N'- (3-dimethylaminopropyl) carbodiircide 

hydrochloride (4g, 0.021 M) . After 15 min., N-methyl 
morpholine (G.021 M) was added follov/ed by, after a 
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further 10 min. at 0°, a solution of 0-mc thy 1-L-ty rosine 
N-Hethylamide (4.3g, 0.019 M) in CH 2 C1 2 . The reaction 
mixture was allowed to warm to room temperature and 
stirred overnight. The reaction was then concentrated 

5 in vacuo f and the residue in CH 2 C1 2 , washed in turn with 
H 2 0 (200ml) , saturated aq. NaHC0 3 (200ml) , dilute HC1 
(IK; 200ral) r saturated aq. NaHCO-j (200ml) and water 
(150ml) r dried (Na 2 S0 4 ) and evaporated in vscuq to a 
solid. Recrystallisation from ethyl acetate/hexane 

10 gave N- f Tert iarybutoxycarbonyl) -L-leucyl-O-methyl-L- 
tyrosine N- methyl amide as a white crystalline solid, 
(4.5g), m.p. 159-161; (Found: C,62.65; H,8.33; 
N,9.96. C 22 H 35 N 3°5 re< J uires C,62.69;_ H,8.37; N9.97%). 

">L=~ (CDC1-) 3400, 1700 and 1662 era" 1 ; ^(CDCl,) 0.91 

ma x o -3 

15 (6H,dd,J=7 and 14Hz, CH(Cfl 3 ) 2 ); 1,37 (9H,s, OC(CH 3 ) 3 ); 
1.47-1.7- (3H f m f CH 2 CH(CH 3 ) 2 ) ; 2.71 (3H, d, J=4 .7Hz, 
NHCil 3 ) , 2.98 and 3.14 (each lH f each m r Cfi 2 CgH 4 ) ; 3.78 
(3H,s r OCH 3 ); 4.0 and 4.61 (each 1H, each m, 2. x £>(-CH ) ; 
4.86 f (lH,br s,OCONH) ; 6.40 and 6.55 (each lH r each br 

20 s, COMH x 2); 6.82 (2H,d, J=8 .4Hz, Tyr H-3 and H-5) ; 
7.08 (2H,d, J=8.4Hz, Tyr H-2 and H-6) ; m/e 422 (70%, 
[m+l]*), 365 (70% , [m-58] + ). 

To a stirred solution of 
N-Terti arybutoxycarbonyl) -L-leucyl-O-methy 1-L-tyrosine 

25 N-methylaraice (7.0g, M) in CH 2 C1 2 (40ml) cooled at 10° 
was added tr i f luor oace tic acid (70ml) and the resulting 
solution stirred at room temper atur e for Ih. The 
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reaction way then concentrated in and the residue- 

dissolved in water, neutralised with sodium bicarbonate 
and extracted with CH 2 C1 2 . The organic extracts were 
dried (Na 2 S0 4 ) , filtered and concentrated jji vacuo to 
give L-leucyl-O-mefchyl-L-tyrosine J^ethyl anode, ( 5 . 2g ) ; 
m.p. 128-132°; (Found: C^O.04; H / 8.72; N,12.26 C 17 H27 N 3°3 
requires C, 60.16 ; H,8.61; N ,12.38 %) ; V max (CDC1 3 ) 3325 
and 1655 cm" 1 ; Iti]^ 20 = 10.2° (C=2.00 f MeOK); f (CD 3 OD) 
0.88 and 0.92 (each 3H r each d; 1.2-1.4 
(lH,m f CH 2 Cfi(CH 3 ) 2 ) ; 1.44-1.8 (2H,m,Cfl.CH (CH 3 ) 2 ) ; 2.73 
(3H,d,J=5Hz, NCH 3 ) ; 2.82-3.3 (4H,m r NH 2 f Cfi^CgH^) ; 3.46 
(lH,m,CH); 3.76 (3H,s,OCH 3 ); 4.58 (lH,q,dd,J=8 and 
3Ez,o6-CH); 6.56 (1H, br , CONH) ; 6.82 (2H, d , J=8 . 6Hz , Tyr 
H-3 and H-5) ; 7.13 (2H , d, J=8 .6Hz , Tyr H-2 and H-6); 
7.96 (lH,d, J=8Hz,CONH) ; m/e 322 (100% [m+l] + ). 
(b) Methyl 5-N- f Benzyl oxycarbonyl) amino-2-bromo- 
pentanoate 

To a stirred solution of £-Z-crnithine (53.. 2g, 0.1K) 
in dilute H 2 S0 4 (2.5N, 500ml) at 0° was added KBr (60g, 
0.5 M) . To this solution was then added portionwise 
sodium nitrite (7.6g, 0.11 M) whilst the reaction 
temperature was maintained at 0° by the addition of ice. 
After stirring for lh at G° the reaction mixture was 
allowed to warm to room temperature over 2h. • Diethyl 
ether (50Gml) was then added and the aqueous layer was 
re-extracted with diethylether (500,; x 3). The 
combined ethereal extracts, were washed with water and 
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then brine, dried (KgSC> 4 ) , filtered and concentrated to 
an oil in vacu o . 

To the crude bromo-acid (45g, 0.136 M) in dry 
methanol (300ml) cooled to -30° was added dropvise 
5 thionyl chloride (33.7ml, 0.405 M) at such a rate that 
the temperature did not exceed -15°. The reaction 
mixture was warmed to 10° over 2h and stirred at room" 
temperature for 30 min. and then at 40° for 30 min. 
The resulting solution was then concentrated in vacjllfl * 
10 dissolved in CH 2 C1 2 and washed in turn with water, 

saturated aq. NaEC0 3 and water. The residue isolated 
from the organic layer was chromatographed on silica in 
5% ethylacetate in CH 2 C1 2 to give the . t itle ggmppund as 
an oil (10. 3g) , (Found: C,48.61; H,5.61; N,4.00. 
15 C 14 H lg BrN0 4 requires C f 48 .85 ; H,5.27; N,4.07%); 

^(CDC1 3 ) 1.5-1.8 and 1.9-2.2 (each 2H, each m f CH 2 CE 2 ) r 
3.23 (2H f q f J=6Hz / NCH 2 ) r 3.77 (3H / s f OCH 3 ) r 4.25 
(lH,dd,J=7 and 14Hz # y x -Cfi) r 4.8-4.9 (1H, broad s r NH) , 
5.10 (2H / s / OCH 2 ) and 7.35 (5H, broad s r C 6 H 5 ) . 

20 

.Example 2. 

N— f 4-K- (3 qn7.Y^ PXY^arbonyll airino-1- f -ca rboxybutyll - 
fiuc yl-O-methyl-L-tyrosine lirJrlei.byJ^Jiijjis 
To a solution of the ester (65Gng, 1.14 M) from 
25 Exarrple 8 in methanol/wa ter (10: l f 11ml) was added 
dilute KaCIi (IN, 2.3ml). The reaction mixture was 
stirred for 6h at room temper ature, acidified with 
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acetic acid and then concenLrat ed to a semi-solid 
JtarJlQ- This was partitioned between ethyl acetate and 
water and the resulting solid was filtered, washed with 
water and ethyl acetate and dried in ira£UQ to give the 
title SfllDOflillld (585mg); m.p, 164-169°; (Found: 
0,61.59; H,7 # 24; N,9.40. C 30 H 42 N 4 O 7 requires C, 61.21; 

H,7.53; N,9.52%); \) (Nujol) 3320, 1690 and 1645 

ma x 

cm" 1 ; b (d 6 DMS0) 0.85 (6H,m,CH (Cji 3 ) 2 ) ; 0.96-1.8 
(7H / m # CH 2 Cii(CH 3 ) 2r NHCH 2 Cfl 2 Cfl 2 ) ; 2.57 
(3H,d, J=5Hz,NCH 3 ) • 2.5-3.2 (6H,m,NHCfl 2 , Cfl 2 C 6 H 4 , 
Ji-CRx2)j 3.70 (3H /S/ OCH 3 ); 4 . 42 (1H, m J^il) ; 5.0 
(2H / s f CE 2 C 6 H 5 ) ; 6.78 (2H ,d , J=8 .6Hz , Tyr H-3 and H-5) ; 
7.10 (2H,d f J=8.6Hz, Tyr H-2 and H-6) ; 7.20 (lH,m r CONH) ; 
7.35 (5H,m,C 6 H 5 ) ; 7.88 (lH,m,C0NH) ; 8.18 (lH,m,C0NH) . 

Example 10 

N- f 4-N- fN- (Acetyl) -L-Pro1 vl -T.-1 Pnryl 1 am in Q— 1 — ( R ) - r a rMxy 

tmtyJLI-L-leucyl-O-inethyl-r.-tyrQs i n e N-MPt-h Y i«miru 

This was synthesised from Z-proline f leucine methyl 
ester and N— [ 4-N— (benzyloxyca rbony 1) amino- 1— (R) — 
methoxycarbonylbutyl] -L-leucyl-O-methyl-L-tyrosine 
N-methylamide as described in the following paragraphs: 
(a) JSrLififLPjyOfi^caj^^^ Ethyl £s_t£.r 

To a stirred solution of Z-L-proline (12. 7g, 0.051M) 
in CH 2 ci 2 (200 ml) cooled to 0° was added 1-hydroxy 
benzctr iazole (7.0g) followed by a solution of DCC 
(10. 6g) in CH 2 C1 2 (50 ml). After 30 min. at 0° 



_ 5 3 _ 26974 

L-lcucir.e ethyl ester (10„0g, 0.05] molK) was added 
followed by tr i ethy lamine (15 ml) and the reaction 
mixture was then left to stir and warm up to room 
temperature overnight. The reaction mixture was then 
5 filtered and washed in turn with saturated aq. NaKCO^ 

(250 ml x 3) r H 2 0 (250 ml) , dilute aq. HC1 (IK, 250 ml x 
3) and water (250 ml x 2) . The organic layer was dried 
(Na^SO.), filtered and concentrated in i&£lLQ to an oil 

JL 4 

which subsequently crystallised. Recrystallisation 
10 from ethyl ace tate/hexane gave N— (benzyl oxycarbonyl) -L- 
prol yl-T,- leucine etfry l £S_£ej: as a white crystalline 
solid, 15. 5g, (78%); m.p. 67-68°; (Founds C,64.55; 

H, 7.79; N,7.22. c 2 i H 30 N 2°5 re< 3 uires C, 64.61? H,7.74; 

N,7.17%); S) m = v (CHC1,) 1740 and 1680cm" 1 ; ^ (CDC1,) 

* ma x j o 

15 0.7-0.95 (6K,m,CH(Cii3) 2 ) ; 1.18 (3H, m,OCH 2 Cfi 3 > ; 

I. 3-1.95 and 2.05-2.25 (7H, m,CH 2 CH 2 r Cfl 2 CE (CH 3 ) 2 ) ; 3.4 
(2H r m / CH 2 K); 4.05 ( 2H,m,OCii 2 CH 3 ) ; 4.25 ( 2H, m f „<-CH) ; 
4.98 and 5.05 (together 2H, respectively q f J=7Kz f and m f 
Cfl 2 C 6 H 5 )j 7.35 (5H, broad s f C^) and 8.26 

20 (lH,m,CONH); ffi/e 391 (100%, [m+l] + ). 

(b) N-AcPtyl-L-proline-L -leucine Ethyl Ester 

To a solution of N- (benzylcxycarbony 1) -L-proly 1-L- 
leucine ethyl ester (7.5g, 0.02 mM) in methanol (1C0 ml) 
was added acetic acid and 1E% Pd/C (0.8g). After 

25 stirring under hydrogen for 3h at room temperature the 
reaction vas filtered and concentrated to an oil In 
3£A£Ly_Q. Trituation of the residue with ether and 
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re-crystallisation from ethyl ace tate/hexane gave 
L-prolyl-L-leucyl ethyl ester as the acetate salt 
(5.0g), m.p. 87-89°. ^ m 1760 and 1660 cm"" 1 ; £(CDC1 3 ) 
0.94 (6H,m,CH(CIi 3 )2)'; 1.27 (3H, t, J=7Hz,OCH 2 CH 3 ) ; 
5 1.45-2.35 (7H,m,CH 2 CH 2 , Cfl 2 CE(CH 3 ) 2 ) ; 2.2 

(3H, s,CH 3 C0 2 ) ; 3.1 (2H,m,CH 2 N); 4.15 (lH,m, C<-CH) ; 
4.19 (2H,q,J=7Hz, OC£ 2 CH 3 ) ; 4.55 (lH,m r ^Cfl) ; 7.24 
(2H,br,NH,C0 2 H) ; 7.87 (1H, d, J=7Hz, CONH) ; m/e (100% 
tm+l] + )]. 

10 To a solution of the foregoing amine (3.0g, 11.7mM) 

in CH 2 C1 2 (50ml) was added p-nitrophenylacetate (2g, 
12MM) . After stirring the reaction mixture at room 
temperature for 3 days it was diluted with CH 2 C1 2 
(350ml), washed with water, dried (Na 2 S0 4 ) and 

15 concentrated to an oil in vacuo . Chromatography on 

silica in 1:1 CH 2 Cl 2 /EtOAc followed by 9 : 1 CH 2 Cl 2 /MeOH 
yielded N-acetyl-L-pcolyl-L- leucine ethyl ester as a 
pale yellow oil (2.2g); (Found [m+l] + = 289.19704. 
C 15 H 27 N 2°4 re< 3uires [m+1] + =299. 19707) ; V may . (CHC1 3 ) 

20 360C-3100 (broad), 1735, 1675 and 1625 cm" 1 ; £ (CDC1 3 ) 
0.95 (6H,m,CH(CE 3 ) 2 ) ; 1.25 (3H, t, J=7Hz,OCH 2 Cfi 3 ) ; 
1.44-2.5 (7H,m f CH 2 Cfi 2 , CH 2 Cfl(CH 3 ) 2 ) ; 2 .12 (3K, s ,CH 3 CO) ; 
3.36-3.7 (2H,m,CH 2 N) ; 4.18 ( 2H, t , J=7Kz ,OCfi 2 CH 3 ) ; 
4.25-4.55 (lH,m, Cfl Pro); 4.6 (1H, Cfl. Leu); 6.38 and 

25 7.35 (1H, each d , J=7Kz ,C0NH) . 

(c) Kr- f 4-N- f N- ( A cetyl) -L-prolyl-L-1 eucyl 1 am ino— 1— f - 
jifi± h o >; y c axbi^nvlbj.- JL yJJ^j J iia^u_cyJ^Qrm£i: hvx^czi&jcsisliis. 



BNSDOGID:<EP 0126974A1_I_> ^ 



- 55 - 01 26974 

To a solution of N- [ 4-N- (benzyloxycarbonyl) air.ino-1 — 
(R) -mc-thoxycarbonylbutyl] -L-leucy l-0-r.;c thyl-L-ty rosi ne 
N-Kethylamide (570K-g, 0.97 mM) in methanol (8irl) was 

5 added 10% Pd/C and dilute HC1 (lM, 2ml) . After 

sfc irring the reaction mixture under hydrogen for 2h at 
room temperature it was filtered and concentrated in 
vacup, to a solid, (4S0rug) (100%) , which was used as such 
in the next step. 

10 N-Acetyl-L-prolyl-L-leucine (271mg, 1.06 KM; 

obtained from the foregoing ethyl ester by hydrolysis in 
methanol with one equivalent of IN-socium hydroxide 
solution at 20° over 16h followed by neutralisation with 
dilute HC1) in CH 2 C1 2 (2ml) and DKF (2ml) was stirred at 

15 0° and 1-hydroxy benzotr iazole (162mg, 1.06 mK) and 
N-ethyl-N'- (dime thy Ian; inopr cpy 1) carbodiimide 
hydrochloride (2401X19, 1.06 mK) were then added. After 
5 min N-me thy lmorphine (107mg, 1.06 mK) was added 
followed, after 15 min, by the amine hydrochloride 

20 (prepared above) (485mg, 0.96 mM) . After stirring 

overnight at 0-4°, the reaction mixture was concentrated 
ill 3L£iC£LQr dissolved in CH 2 C1 2 and washed in turn with 
water, saturated aq. KaHC0 3 and dilute HC1. The acid 
layer was separated, neutralised with NaHC0 3 and 

25 extracted with CH 2 C1 2 . The organic extracts were 

dried, (Ma 2 S0 4 ) and evaporated In slc&slQ to yield the 
tXk_lz £&Xj2DxrA as a foc-n (570rrg) ; m.p. 68-72°; (Found: 
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C59 .99; H,8.35; N,11.65. C 3 6 H 5G N 6°8 * 3 H 2° rtc : uircc 
C,59.98; H,8.39; N, 11. 664); % (d 6 Dt!SO) 0.82 (12K,m, 
CH(CH 3 ) 2 x 2); 1.0-2.34 (14H,m,CH 2 CH 2 x 2, 
CH 2 CH(CH 3 ) 2 x2) ; 1.98 and 2.0 (together 3H, each s, 
CH 3 CO) ; 2.50-3.08 ( 8H, m,CH 2 C 6 H 4 , CH 2 N x2 and 2x £(-CH) ; 
2.56 <3H,d, J=5Hz,CH 3 N) ; 3.54 (3H,s,OCH 3 ); 3.70 
(3H,s,OCH 3 ); 4.0-4.5 (3H,mX-ClH) ; 6.78 (2H,d,J=8Hz Tyr 
H-3 and H-5) ; 7.11 (2H,d, J=8 ,6H Z/ Tyr H-2 and H-6) ; 
7.5-8.35 (4H,m,C0NH) . 

(d) N— f 4-N-fN- ( Acetyl ) -L-proT yl -L-1 eucyl 1 amino— 1— CR) - 
carboxybu tyll-L-leucyl-O-methyl-L- tyrosine N'Methy l?.mide 

To a solution of the preceeding ester (380mg r 
0«54ntM) in methanol (5ml) was added dilute NaOH (lM r 
lml) . After stirring overnight at room temperature, 
the reaction mixture was neutralised with acetic acid 
and concentrated in vac uo . Chromatography on reverse 
phase silica in 1:1 MeOH/HjO gave the litis f propound 
(280rr.g); in. p. 97-101°; (Found: C f 58.52; H,7.93; 

N,11.46. C 36 H 56 N 6°8 #1 • 5H 2° rec 5 uires C f 58.72; H,8.31; 
N,11.74%). "V _ (Nujol) 3700-3140 (broad) and 1635 

Iuc X 

cm" 1 ; oVd^D) 0.9 ( 12K, M, 2xCH (C& 3 ) 2 ) ; 1.4-2.25 
(14H,M,2xCii 2 CIl 2 , 2xCK 2 C£L(CH 3 ) 2 ) ; 1.9 8 and 2.0 (together 
3H, each s, CH 3 CO) ; 2.68 and 2.72 (together 3H, each s, 
CH 3 N) , 2.75-3.8 (8H,m,CH 2 C 6 H 5 , CH 2 Nx2, 2x CR) ; 3.75 
(3K,s,OCH 3 ); 4.25-4.65 (3H,m,UCtt) , 6.78 ( 2H,d , J=8 . 6Hz , 
Tyr H-3 and H-5) ; 7.11 (2H,d, J=8.6IIz, Tyr H-2 and K-6) . 
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N- [3-N-JLB£irzxlo.xygi;i:bony1 ) airJjaQjrlj^J^caii^xyj^ 
lej,i cyl-O-rcethyl-L-tyr osi kc. N-Me t hylflmjds 

This was prepared in two stages from methyl 
5 4-N- (benzyloxycarbonyl) air.ino-2-br oroo-butanoate and 

L-leucyl-O-methyl-L-tyro&ine K-me thylamide as described 
below: 

(a) K- f 3-N- (Benzvloxvcarbonyl \ amino-!- ftt) -mpt-frnxy- 
carbonyl ProovlT-L-l eucyl-0-mf>t-hyl-i,-tyrofii hp 
10 N-Methy1an.in> 

Methyl 4-N- (benzyloxycarbonyl) amino-2-bromo- 
butanoate (36g) , L-leucyl-O-aie thy 1-L- tyrosine 
N-inethylamide (36g) and N-methyl morpholine (9.4g) in 
acetonitrile (250ml) was stirred and heated under reflux 

15 overnight. A further portion of the amine (l.lg) was 
then added and the solution was heated under reflux for 
a further 4h. The reaction mixture was then 
concentrated in yagjua, dissolved in chloroform, and the 
solution washed with saturated aq. sodium bicarbonate 

20 solution. The material isolated from the organic layer 
was chromatogr aphed on silica with ethyl acetate as 
eluant to yield 

25 (11. 7g) ; (Found: C,63.09; H,7.46; N,9.59. 

C 30 H 42 K 4°7 requires C f 63. 26; H,7.37; N.9.83%); V) 
(CHC1 3 ) 3400, 1720 and 1660 cnT 1 ; <J (CDC1 3 ) 0.86 
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(6H,m,CH(CU 3 ) 2 ) ; 1.2-2.1 (6H,m,NHCH 2 CIi 2 CH , 
Cfl 2 CU(CH 3 ) 2# NH); 2.77 (3H,d, J«5Hz,NCH 3 ) ; 2.95-3.45 
<5H,m,NKCJI 2 , Cfl 2 C 6 H 4f XCE); 3.66 and 3.76 (each 3H, each 
s, 2xOCH 3 ); 3.8 and 4.61 (each 1H, each m, 2x Cfl.) ; 
5.10 (2H,m / CIi 2 C 6 H 5 ) ; 5.21 (lH,m,0C0NH) ; 6.72 
(lH,m,C0NH); 6.81 ( 2H, d , J=8 . 6Hz , Tyr H-3 and K-5) ; 
7.12 (2H,d, J=8.6Hz, Tyr H-2 and H-6) ; 7.35 (5H,s,C H ); 
7.55 (lH,d,J=8Hz,C0NH) ; m/e 571 (100% [m+l] + ). 

The methyl 4-N- (benzyloxycarbonyl) amino-2- 
bromobutanoate required in this preparation was made 
from L-glutamic acid as described in the following 
paragraphs: 

L-Glutamic acid (105g, 0.713 M) was dissolved in 
concentrated sulphuric acid (300ml) and to this was 
15 added chloroform (300ml). To the stirred bi-phasic 

mixture at 0° was added portionwise over 30 min. sodium 
azide (60g, 0.9 mole). The reaction mixture was 
stirred at 5-10° for 30 min. and was then allowed to 
slowly warm to room temperature. The reaction mixture 
was then slowly heated to 80° for one hour the reaction 
was cooled, poured into water (1.5 1) and the aqueous 
layer was separated. The aqueous extract was diluted 
(to 20 litres) and was then applied to Dowex 5DWX8, 
16-40 mesh, H + resin. The column was washed with water 
and then with 1:1 880 Ammonia/Water and the fractions 
containing the product were lyophilised. 

The crude product obtained above was dissolved in 



20 



25 
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water (1 litre) ar.d to this was added basic copper 

carbonate (100g) . The stirred mixture was heated under 
reflux for 40 min. and the hot solution was filtered. 
The solution was cooled to 35° and KaHC0 3 (60g) and 
i CHC1 3 (3e0ml) were added. After stirring for 30 min.. 
at room temperature, benzyloxyca rbonyl chloride (75ral) 
was added and the mixture was then allowed to stir at 
room temperature overnight. A further portion of 
benzyloxycarbonyl chloride (30ml) was then added and 
10 stirring was continued for a further 24h. The 

crystalline copper complex which had precipitated was 
then filtered/ washed with water and added to a solution 
of EDTA {di Na salt) (120g) in water (1.5 litre). The 
resulting mixture was stirred and heated under reflux 
15 for 3h and was then cooled to 5°. After 40h at 5° the 
crystalline product was collected by filtration, washed 
with water and acetone and dried in at 45°. 

The 4-z-ciarrino-butyr ic acid froni above (120g) was 
suspended in a mixture of dilute sulphuric acid (1M, 
20 60Cml) f water (200ml) and potassium bromide (240g) . 

Sufficient water (220ml) was then added to form a single 
phase. To the resulting solution stirred at -7 to -9°, 
waii added a solution of scdiun nitrite (44g) in H 2 0 
dropwise over lb- After 30 min at -7°, the mixture was 
2s warmed to room temperature over lh. Diethyl ether (1.5 
litres) was added and the separated aqueous Ic.yer was 
washed with a further portion of ether. The dried 
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ethereal extracts were concentrated in xas&LQ. and the 
residue in methanol (1 litre) was cooled to 0° and 
treated dropwise with thionyl chloride (65ml) . The 
reaction was then concentrated in vacjia and the residue 

5 was partitioned between diethyl ether and saturated aq. 
sodium bicarbonate. The material isolated from the 
ether was chromatographed on silica eluting with a 
gradient of ethyl acetate in hexane to give methyl 
4-N-(benzyloxycarbonyl)amino-2-bromo-butanoate (90g) as 

10 an oil which crystallised on standing, m.p. 46-50°; 

(Found: C47.17; H,5.01; N.4.16. C^H^BrNC^ requires 
C47.29; H,4.88; N,4.24%); £(CDC1 3 ) 2.08-2.45 
(2H f m,CH 2 ); 3.37 (2H f m f NHCfl 2 ) ; 3.76 (3H,s,0CH 3 ); 4.32 
(lH,dd, J=10Hz and 6Hz, Cfl) ; 4.97 (1H, broad s, OCONH) ; 

15 5.09 (2H /S/ OCH 2 ) and 7.34 (5H /S ,C 6 H 5 ). 

(b) M-f3-N-(B en2vloxvr?rhr> n Y 1 ) fimj n*" 1 — " I — ( -carhnvy- 
r2 roc-vll-L -leuc Yl-0-ir .Pth Y 1-T.-t-,yrop^n^ K-MethylamidP 

To a solution of the preceeding ester (I71jng, 0.3ir.M) 
in methanol (10ml) stirred at 0° was added dilute NaOH 

20 (IN, 0.6ml). After stirring overnight at 0° a further 
portion of NaOH (IN, 0.3ml) was added and the solution 
war. then stirred for 6h at room temperature. The 
reaction mixture was then acidified with acetic acid and 
concentrated to a solid in SLasmsi. Recrystallisatien of 

25 this material from mcthanol/H 2 o gave the title £ojnsp_uncl 
(l5Pr.g); m.p. 17E-172°; (Found: C,60.97; H,7.11; 
N,9.68. C 2g H 4C N 4 0 7 4C.8 1^0 requires C,60.99; H,7.34; 
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N,9.81%); "V max ( Ku 3°D 3330, 16SS and lC'U' cp.' 3 ; 
^(CD-jOD) 0.88 (6H,dd, J=14Hz and 7Hz, CH(CU 3 ) 2 ); 
1.2-1.95 {5H,m r MHCH 2 CH 2/ CH 2 Qi(CH 3 ) 2 ) ; 2.69 
(3H,s,NCH 3 ); 2.75-3.65 (6H r m,NHCH 2 , C£L 2 C g H 4 , and 
5 ^-Cfix2); 3.74 (3H,s,OCH 3 ); 4.54 (lH,dd, J=10Hz and 6Hz, 
CK-CE); 5.08 (2H r m,CH 2 C 6 H 5 ) ; 6.82 (2H,d, J=8 .6Hz , Tyr . 
H-3 and K-5) ; 7.12 (2H,d, J=8 ,6Hz, Tyr H-2 and H-6) ; 
7.35 (5H,m f C 6 H 5 ) . 

10 Example 12 

N— f 3 ( Bfingyloxyca rhonyl ) amino-1- fR) -motho xv c arbonvl- 
propyl! -L-leucv1-Q-Tnet hy1-I,-tyrosine N-Wethylanucle 
To a solution of N- (Ter tiarybutoxycarbonyl) — L— 
leucyl-O-methyl-L-tyrosyl N-me thy 1 amide (4.2g, 0.01 M) 

15 in CH 2 C1 2 (5ral) at 18° was added tr if luoroacetic acid 
(8ml) ♦ After stirring for 2h at room temperature the 
reaction was concentrated in ya.CUfl and was then 
trituated with dry ether to yield a gum. This was 
taken up in methanol (25ml) , methyl 

20 4-N-(benzyloxycarbonyl) amino-2-oxo-butanoate (4 .0g; 

0.015 K; Synthesi s , (1982) , 41) was added and the pH of 
the solution adjusted to 6.5 with tr iethylamine . To 
this solution stirred at E° was added sodium 
cyanobor ohydr ide (40Pmg) portionvise whilst the pH was 

25 periodically re-adjusted to 6.5 by the addition of 

acetic acid. After Ih further scdium cyancbor ohydr ide 
(4GCr.:cj) was added and the reaction was stirred overnight 
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at roon temperature. Alter concentration in y££_OQ the 
residue was partitioned between CH 2 C1 2 (100ml) and water 
(5Cml). The CI^Clj layer was separated, washed in turn 
with dilute HC1 (lM,* 20ml) , water (25ml) r saturated 
5 sodium bicarbonate solution (2x3Gml) , dried and 

evaporated to an oil. Chromatography on silica in 
CH2CI2 in an increasing ethyl acetate gradient gave the 
.title compound as a foam (1.0g) which had physical data 
identical to that given above in Example 11. 

10 

.Example JL1 

N-r3-Anino-l- CR) -carboxvpr opyll -L-l eucvl-O-methvl-L- 

■tyrosine N-Methylamiqe 

The acid (320mg r 0.56 mM) from Example 11 in 

15 methanol (10ml) was treated with dilute HC1 (1M, 1ml). 
This solution was hydrogenated over 10% palladium on 
charcoal (60mg) for 90 min. at room temperature, 
filtered and then concentrated in to give the 

title compound as its dihydr ochlor ice salt; m.p. 

20 149-152° (from CH 2 Cl 2 -ether) ; (Found: (3,48.17; 

H/6.98; N,10.49. C 2l H 34 N 4°5 - 2KC1 + B - 5 CH 2 C1 2 re< i uires 

C48.01; H,6.93; N,10.42%); Y? - (Nujol) 3650-2400 

ma x 

(br), 1730 and 165G cm -1 ; ^(CD-jOD) 0.92 and 0.95 (each 
3K, each d f each J=15Hz,CK (CJI 3 ) 2 ) ; 1.45-1.90 • 
25 (3H,m,C£L 2 C£(CH 3 ) 2 ) ; 2.25 (211, m / NHCH 2 CH 2 > ; 2.68 

(3H,s f OCH 3 ) ; 3.04 (4H,tt.,KIICIL 2 and CIi 2 C 6 H 4 ) ; 3.58 
(lK,dtf , J=-8Hz and 6Uz , f\-CH) ; 3.77 (3H,s,OCIU); 3.9 4 
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(Ul,dd,J---8H7 and Aliz ,.j/-CH) ; 4.64 ( lH f dd, J=13Hz and 
6K7.,C<rCH); 6.88 (2H,d,J=8.6Hz, Tyr H-3 and H-5) and 
7 .16 (2H,d,J=8.6Hz, Tyr H-2 and H-6) . 

.Example 1A 

N- f 3— N— f p-Ntt robe nryl <^yycarbonyl^ aminQr-l^lRlr. 
ca rhovyp rfpyl 1 -T--1 pnn yl -0-ir«ethvl-L--tvroa ine_*. 
W-M.ol-hyl^niide 

(a) |s--f3-N-fp-iiihrQben7:vloxvca rhonyT^nn'ro-I-(R)- 

mpthox yca rbonvlpr nnyl 1 -T.- 1 fMlcvl-O-TT.P thvl -T.-tyros ine 

N-Ksthyl amide 

A solution of 

N- [3-N- (benzylcxycarbonyl) amino-1- (R) -methoxycarbonyl 
propyl] -L-leucyl-O-methyl-L-tyrosine N-methylamide 
(1.24g, mM) in methanol (25ral) containing ethereal HC1 
(lml of a 2.6M solution) was hycrogenated over 10% 
palladised charcoal (0.3g) for 6h at 20°. The solution 
was filtered and concentrated in y a cua to give. 
N-[3-N-aroino-l-(R) -iuethoxycarbonylpropyl]-L-leucyl-0-met 
hyl-L-tyrosine N- methyl amide dihydrochloride as a foam 
(1.2g) which was used in the next step without further 

purification. 

To a suspension of N-[3-N-anino-l-(K)-methoxy- 
carbonylpropyl]-L-leucyl-G-methyl-L-tyrosine • 
N-wethylanidc dihydrochloride (4C0ir.c, 0.808 icK) in dry 
CH 2 C1 2 (6ir.l) cooled in an ice bath, was added 
p-nitroben;:yloxycarbor.yl chloride (40Oir.g) in dry C» 2 C1 2 . 
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To this wan then added dropwice a solution of N-methyl 
morpholine (270109, 2,67 mM) in dry CH 2 C1 2 (2ml). After 
30 min at 0°, a further portion of 

p-nitrobenzyloxycarbbnyl chloride (40 0mg) in dry CH 2 C1 2 
5 (1ml) was added followed by a solution of NMK (100mg) in 
dry CH 2 C1 2 (1ml). After a further 0.5h at 0° the 
reaction mixture was diluted with CH 2 C1 2 (20ml) , washed 
in turn with water (20ml) , aq. citric acid solution 
(20ml) and saturated aq. NaHC0 3 (20ml) . The organic 
10 extract was concentrated in . vacuo and purified by 
chromatography on silica eluting with CH 2 C1 2 in a 
rapidly increasing ethyl acetate gradient to give the 
title compound as a foam (450mg r 90%); (Found: 
[m+U + =616.3012. C 3g H 42 N 5°9 "quires + =616 .2983) ; 

15 max (CHC1 3 ) 3380, 1742 and 1660 cm" -1 ; m/e 616 (5% 
tm+l] + ); 153 (100% [O 2 MC 6 H 4 CH 2 0K] + ) . £ (CDC1 3 0.87 
(6H f m r CH(Ca 3 ) 2 ) ; 1.1-2.0 ( 5H , m, NHCHjCilj / 
CH. 2 CH(CH 3 ) 2 rNH) 2.76 (3H, d, J=5Kz , NCH 3 ) ; 2*9-3.. 5 
(6K,m,NHCli 2 ,ai 2 C 6 H 4 X-CIix2) 3.68 and 3.77 (each 3H, each 
20 s, 2xOCH 3 ); 4.60 (lH,dd r J=13Hz and 6Hz , t£-CH) ; 
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5.10 (2H,s,CIi 2 C 6 H 4 N0 2 ) ; 5.45 (lH,m, OCOIIH) ; 6. 50 (1H, 
broad s, OCOHH) ; 6.82 (2H,d, J=8 .6Hz, Tyr H-3 and H-5); 

7.11 (2H,d, J=8 .6Hz, Tyr H-2 and H-6) ; 7.45 (lH,d,J=8Hz, 
CONH) ; 7.52 (2H,d, J=9Hz, benzoyl H-2 and H-6); 8.21 

5 (2H,d r J=9Kz, benzoyl K-3 and K-5)-. 

(b) ft- f 3 -N- ( p-Nit r ob.exLZ^JjiyjvcAXlKio^JJ3 rainarJ,- (B) - 
carboxypropyll -L-lencyl - O-methyl-L-t yr osine 

N-tnethyla mide 

To a solution of the preceeding ester (360mg f 
10 0.58mM) in methanol (6ml) at 0° was added dilute NaOfi 
(IK, 1.2nl). After standing at G° for 48h, the 
solution was acidified with acetic acid and concentrated 
to a solid in vacuo . Trituration with ethyl acetate 
and vater gave the .title coinppur.d. (56mg) ; m.p. 
15 167-170°; (Found: C,56.56; H,6.58; N,11.21. 

C 29 H 3o N 5°9 +G * 8H 2° rec 2 uires C,56.54; H,6.64; N,11.37%); 
^max < Nu 3 oli 3250 ' 1690 and 1642 CB " lj S (<3 5 DHSO) 0.8 
(6H,m f CH(Ca 3 ) 2 ; 1.1-2.0 (5H r ni / NHCH 2 CK 2 / CE 2 CW (CH 3 ) 2 ) ; 
2.57 (3H,d,J=5Hz,NCH 3 ) ; 2.62-3.85 (7H,m,NCH 2 , 0(rCHx2, 
20 CE 2 C 5 H 4f CH); 3.67 (3H,s,OCH 3 ); 4.43 (lH,m,;(-CH) ; 5.10 
(2H,s r 0CK 2 ); 6.78 ( 2H , d , J=8 .6Kz , Tyr H-3 and H-5); 
7.13 (2H,d,J^B.6Hz, Tyr H-2 and H-6); 7.95 (lH,m,CONH) ; 
8.07 (2H,d, J=8 .6Hz f Benzoyl H-2 and H-6); 8.25 
(lH,m,CONH) ; 8.31 (2H,d, J==B .6Hz, Benzoyl H-3 and H-5); 
25 S.12 (lR,m,CO:iH) . 
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F-.yi'.r. llIi: 15 



N- ( 3 -N- (Benzoyl \ amipn-l-(^)- 



>.Q-xy-pr.opyJU -Lr l.c.ueyJ.- 



5 



This was prepared in two steps from 
N- [ 3-N-air.ino-l- (R) -rnethoxycarbony lpropyl] -L-leucyl-O- 



ir.ethyl-L-tyrosine N-ine thy lain ide as described below: 
( a ) N- f 3 -N- (B enzoyl) amino-1- ( R) -rnethoxycarbony lpro pyl 1 - 
L-leUCyl-k.ri:yrQS_ine. N-Methylamide 




1 0 methcxycarbony lpropyl] -L-leucyl-O-methyl-L-tyrosine 



N-raethylamide dihydrochloride (53Sisg, 1 mM) and benzoyl 
chloride (186rr.g r ImM) in dry CH 2 C1 2 (30ml) at 0° was 
added dropwise N-methyl morphline (439mg, 4.3 mM) . The - 
reaction mixture was then stirred overnight, 

15 concentrated in vacuo and chroma tographed on silica 

elating with ethyl acetate in an ethyl acetate/methanol 
gradient to yield the title compound (350mg); m.p. 
145-148°; (Found: C,63.97; H,7.38; 13,10.20.. 
C 29 H 4G N 4°6 +0 ' 2H 2° requires 0,64.00; H,7.48; N,10.29%). 

20 ^(CDC1 3 ) 0.85 and 0.86 (each 3H r each d f each J=6.5Hz, 
CH(CE 3 ) 2 ); 1.18-1.80 (4H /m ,NHCH 2 ca 2 CH and 

CH 2 Cfi(CH 3 ) 2 ,NH) ; 2.0 (2H,dd,J=13 and 6Kz, CH 2 CH (CH 3 ) 2 ) ; • 
2.75 (3H,d f J=5Kz / NCH 3 ) ; 3,06 and 3.4-3.7 (6*1,111, MHCH 2 , 
C£i 2 C 6 H 4 and 0(.-CHx2) ; 3.64 and 3.74 (each 3H, each s, 
25 2xOCH 3 ) 4.60 (III , dd , J=15Hz and 6Hz,Cfqi); 6.5 and 6.75 
(each 1H, each m, 2xC0NK) ; 6.82 ( 211 , d , J=8 . 6Hz , Tyr H-3 
and K-5); 7.15 ( 2K,d, J-8 ,6Hz , Tyr H-2 and H-6) ; 7.5 
(5H,n,C 6 H 4 ) and 7.77 ( III , d , J = 8Hz , COMH) . 




To a stirred suspension of N- [ 3-N-amino— 1— (R) — 
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( b ) M- f l-N-mr nzovl ) arr.ino-1- CRlriCAlLbj3r,y D^i>vXL-.L- 
} qucy \ - L- ty r, P s i n e N-Methylamide 

To the proceeding ester (150i?.g, 0.27 m!1) in 
methanol (10ml) was added dilute NaOH (IN, 1ml) and the 
5 solution was then stirred at roon tenperature for 3 

days. The reaction mixture was acidified with acetic 
acid and was concentrated in 2:a.c_uo.. Recrystallisation 
of the residue from methanol-H 2 0 gave the t itle cjjiripjsujiC; 
(110mg); m.p. 175-177°; (Found: C,61.41; H,7.71; 
10 N,10.17. C 28 H 38 N 4 0 6 +1.2H 2 0 requires C,61.34; H,7.34; 
N,10.22%); V) max (Kujol) 3320 and 1643 cm" 1 ; 
£~{d 6 DKSO) 0.82 (6H,ra,CH(C£L 3 ) 2 ) ; 1.05-2.0 
(5H,m,NKeH 2 CE 2 ,CE 2 CE(CH 3 ) 2 ) ; 2.58 (3H,d, J=5Hz ,NCH 3 ) ; 
3.65-4.55 (6H r m,NHCfi 2 ) ,Cfl 2 C 6 H 4 and «^-CHx2) ; 3.68 
15 (3K,s f OCH 3 ); 4.42 (1H ,m,Jl-CH) ; 6.78 (2H,d,J=8.6Hz , Tyr 
H-3 and H-5) ; 7.11 (2H ,d , J=8 .6Hz , Tyr H-2 and H-6) ; 
7.46 (3K,m,COKH and 2 protons fron> CgH 5 ) ; 7.86 (3H,m, 3 
protons frooC g H 5 ); 8.20 (2H,d, J=8Kz ,CONH) ; 8.51 
(lK,m,CONH) . 

20 

E xample 16 

N— f 3— N- ( P-Ni trobenzovl) ajr.iiKin.l- (R) -caxbO-y-YP-CQ pyll -L~ 
le^^vj^jrlif^ Hr. ^i/oyj^jji* 

This was prepared exactly as described for the 
25 N-benzcyl derivative in Example 15 except that 

p- niLrobenzcyl chloride was uned in piece of benzoyl 
chJ r.L ice in the first step. After hydrolysis of the 
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intermediate ester, the resulting solid was 

recrystallised from methanol-water to give the iJLtl.e 

cj2mr}ojiridf (450mg) ; m.p. 170-180°; (Found: C, 57 .38; 

H,6.82; N,11.86. • C' 28 K 37 N 5 Og+0 . 8H 2 0 requires C, 57 .39; 

5 H / 6.64; N,11.95%; ~\) max (Nujol) 3340 and 1645 cm" 1 ; 

< b(d 6 DKSO) 0.82 (6H,m,CH (Cfl-j) 2 ; 1.05-2.05 

(5H / m,NCH 2 CIi 2 CH / CH 2 CH(CH 3 ) 2 ) ; 2.58 (3H,m,NCH 3 ); 

2.6-3.65 (6H,m,NHCiL,S<-CHx2 and CH^C^H.); 3.7 

— 2 6 4 

(3H,m,OCH 3 ) ; 4.45 (lH,m,«VCH) ; 6.8 ( 2H , d , J=8 . 6Hz , Tyr 
10 H-3 and H-5) ; 7.12 (2H, d, J=8 .6Hz , Tyr H-2 and H-6) ; 

v 

7.88 (lH,m,CONH) ; 8.08 (2H,d,J=8Hz, Benzoyl H-2 and 
H-6); 8.2 (lH,d,J=8Hz,CONH) ; 8.33 (2H,d,J=8Hz, Benzoyl 
H-3 and H-5) and 8 .88 - (lH,m, CONH) . 

15 Example 11 

HtlL3 -N- (p- ftm lnobenzoyl ) amino— 1 — CR) -cart- oxypr opyl ] -J,- 
leucvl-O-m ethvl-L-l-yrogi np N-He thyl amid p 

The acid (351mg) , from Example 16 was dissolved in 
methanol (25ml) and to this solution was added 10% Pd/C 

20 (400mg) and dilute ethereal HC1 (2.6M, 2ml) . after 

stirring the reaction mixture under hydrogen for 2.5h at 
room temperature it wa? filtered and concentrated in 
2£a_cji42 to yield the ±JJl1£ c_ojr»p_o_iinj3 as a fosrri (290mg); 
m.p. 155-16C°; (Found: C,50.39; H,6.68; N,10.23. 

25 C 28 H 39 N 5°6 3HC 1+1 H 2° requires 0,50.26; H,6.62; 

N,10.46"o); \) (Nujol) 3650-2120 (broad), 1730 and 

1645 cm" 1 ; ^ (d 6 DMS0) 0.81 and G.87 (each 3K, each s, 
CH(CH 3 ) 2 ); 1.3-1.8 (3H,m,CIi(CH 3 ) 2 ) ; 2.05 
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(2U,m f N!ICH 2 Cii2 Cl ') ; 2.58 (3H,d,NCM 3 ); 2.75 ar.il 2.93 
(together 2H, each m f Cfl 2 C 6 H 4 ) ; 3.2-3.5 (3H,m,NHCH 2 and 
O^-CH ) ; 3.7 (3H,s,OCH 3 ); 3.97 (lH,tn,C<-CH_) ; 4.58 
(lH,m,XrCH) ; 6.83 (2H,d, J=8 .6Hz , Tyr H-3 and H-5) ; 
5 7.01 (2H,d,J=8Hz, benzoyl H-3 and H-5); 7.10 

(2H,d, J-6 .8Hz, Tyr H-2 and H-6); 7.81 (2H,d,J=8Hz, 
benzoyl H-2 and H-6); 8.17 (lH,m,COMH) ; 8.67 
(lH,m,C0NH) ; 9.11 (lH,d, J=8Hz , CONil) and 9.5 
(3H,br ,Nfi 3 ) . 

10 

Example 13. 

N- T3- f N ' -Benzyl) carbamovl-1- fR) -carboxvoroovl 1 -L-leucvl- 

O-methyl-L-tyrosine N-Metfrylamide 

This was prepared according to the following steps: 

15 (a) N- f 3 — f N 1 — Benzyl 1 carbamoyl— 1— (R) -inethoxycarbop.yl - 
propyll -L-leucyl-O-methyl-L- ty rosine Hrllg tfryJ *.mide 

To a stirred suspension of N- [ 3-N-amino-l— (R) — 
methcxy-carbonylpropyl] -L-leucyl-O-methyl-L-tyrosyl 
N-Methylamide dihydrochlor ide (406mg, 0,7 8 ir.M) in dry 

20 CH 2 C1 2 (10ml) at 0° was added benzyl isocyanate (104^1, 
1.56 mil) . A solution of N-iaethyl rr.orpholine (18Smg, 
1.87 ir.K) in dry CH 2 C1 2 (5ml) was then added dropwise 
over 5 ir.in. After 3C min at 0° f a further portion of 
benzyl isocyanate (25yl) wes added and this was repeated 

25 after an additional 30 min. at 0°. The reaction 

mixture v;js then allowed to varu to room teivperature 
over 3h. Water (5Ct.i1) and CH 2 C1 2 (5Cml) were then 
added and the nsctcrial isolated from the organic 
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extracts war. chrorctographcd on silica in 5% McOH in 

CH 2 C1 2 to afford the title. cpjnp.Qii.nd (223rcg); 61-69°; 

(Found: C, 62.77; H,7.64; N,12.03. C,_H .-jNcO^+e .3H-0 

30 43 5 6 2 

requires C,62. 65; -H',7.64; N,12.18%); ^(CDCl-j) 0.87 
5 (6H,m,CH(C]i 3 ) 2 ) 1.10-2.0 (6H / m f NKCH 2 CH 2f CH. 2 CH(CH 3 ) 2 and 
NH) 2.64 (3H,d,J=5Hz,NCji 3 ) ; 2.85-3.54 (6H,m,NHCH 2 , 
CH 2 C 6 K 4 andC£-CHx2); 3.67 and 3.78 (each 3H, each s, 
2xOCH 3 ) ; 4.37 (2H,dd f 15Kz and 2Kz , CU_ 2 C 6 H 5 ) ; 4.56 
(lH,dd,J=13Hz and 6Hz,^-CH); 5.16, 5.42 and 6.44 (each 
10 1H, each broad s f 3xC0NH) 6.83 (2H,d, J=8 ,6Hz , Tyr H-3 
and K-5); 7.08 ( 2H , d , J=8 . 6Hz , Tyr H-2 and H-6); 7.3 
(5H,m / CgH 5 ) and 7.7 (lH,d, J==8Hz ,CONH) . 

(b) N- f 3- fN 1 -Benzyl ) carbamoyl-1- f R^carboxvpropyl 1-T,- 
leucyl-O-methyl-L-tyrosine N-Hethy l amid e 

15 To a solution of the preceeding ester (240mg, 

0.42mK) in methanol (25ml) at room temperature, was 
added dilute NaOH (IN, 1.5ml). After standing 
overnight at room temperature the reaction mixture was 
acidified with acetic acid and concentrated in .X££n£>.. 

20 Chromatography on reverse phase silica eluting with a 
methanol/I^O gradient gave the _t i 1 1 e .compound (107mg); 
m.p. 104-108°; (Found: C,60.88; H,7.44; N,12.12. 
C 29 H 41 K 5°6 H 2° r€( 3 uires C f 60,71; H,7.55; N f 12.2GS); 
'^O (Nujol) 3300 and 1640 cm"" 1 ; £(d 6 DMSO) 0.8 

25 (6H,m / CH(CH 3 ) 2 ) 0.95-1.85 (5H # m,MIiCH 2 Cfl 2 and 

Cil 2 CH(CE 3 ) 2 ) ; 2.2-3.4 ( 6li , m , N1ICH 2 , 0(-CHx2 End Q^CgH^j 
2.56 (3H,d,J-5Kz, NHCiI 3 ) ; 3. 70 (3H,s,OCH 3 ); 4.22 
(2H,m f CIl 2 C 6 !l 5 ) ; 4.45 ( 1H , m f £^CH_) ; 6.0 and 6.42 (each 
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1H, each in, 2xC0NKI) ; 6.82 (2H , d, J=8 .6Hz , Tyr H-3 and 
H-5) ; 7.12 (2H,d,J=8.6Hz, Tyr H-2 and H-6) ; 7.28 
(5H,m f C 6 H 5 ) ; 7.94 ( 1H, in,COt!H) and 8.25 
(lH,d, J=Hz,COMH) . • 

Example 19 

N-r3-N-(Benzyl ox ycarb onyl> amino-1- ( Rl -c* rboxypropvll -L— 

N- (Ter tiarybu toxycarbony 1) -L-leucine (10g / 0 .04H in 
a mixture of CH 2 C1 2 (100ml) and DMF (10ml) was cooled to 
0°. to this was added 1-hydr oxybenzotr iazole (6.2g, 
0.04 K) followed dropwise by a solution of DCC (8.2g, 
0.04 mole) in CH 2 C1 2 . After 10 min. at 0° a solution 
of phenethylamine (4.84g, 0.04 M) in CH 2 C1 2 (15ml) was 
added dropwise and the stirred solution was then allowed 
to warm to rooo temperature overnight. The reaction 
mixture was then filtered, concentrated in and 
dissolved in ethyl acetate (153ml) . The ethyl acetate 
solution was washed in turn with water (40ml) , saturated 
aq. NaHCOj (50mlx2) , aqueous citric acid (50ml) and 
saturated aq. HaKC0 3 (50ml) . The residue after 
evaporation of the solvent was r ecrystallised from ethyl 
acete te/hexane to give 

N— ( t ort j ?r vo!!_toyycsrbon yl) -L -leocyl-N-phenethy If^idg a s 
a white powder (9.6g); m. p. 86-88°; "9 wa} . (CHCI3) 3415 
and 167C cm" 1 ; ^(CCCl^ G.85 (6H, m,CH (Cli 3 ) 2 ) ; 1.35 
(9H,s,OC(CH 3 ) 3 ) ; 1.3-1.75 (3H,m r CIl 2 CIl(CH 3 ) 2 ) ; 2.69 
(2H,t,J-7.2K7, Cli 2 c 5 H 5 )? 3.3-3.6 (2H,m,NCU 2 ) ; 4. 05 
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(Illjin/K-CHJ ; 4.9 ( 1H, m,OCONH) ; 6.2 ( 1 II , m , COMH) ; 
7*2-7.4 (5H f m f C 6 H 5 ) # 

N- ( ter tiarybu toxy car bony 1) -L-leucine 
N-phenethylamide (6.17g f mole) was dissolved in a 1:1 
TFA/CH 2 C1 2 mixture (60ml) . After stirring for 6h at 
20° the reaction mixture was concentrated in yjaiLUQ and 
the residue in CH 2 C1 2 (50ml) washed with saturated aq. 
NaHC0 3 (100ml) . The aqueous extract was back extracted 
with CH 2 C1 2 (50mlx3) and the combined organic extracts 
concentrated to an oil JLn vacg p. The crude L-leucine 
N-phenethylamide so obtained was used as such in the 
next step. 

To a solution of methyl 
4-N- (benzyloxycarbonyl) amino- 2- bromo-bu tanoa te (330mg , 
1 mmole) in dry acetonitrile (10ml) was added L-leucine 
N-phenethylamide (235mg, 1 mi4) and N-methyl morpholine 

(110mg, 1 mM) . The solution was heated at reflux 
overnight, sodium iodide (150mg, ImM) was added and the 
reaction was reheated to reflux for a further 7h. The 
reaction mixture was then filtered and concentrated to 
an oil in yaCJm« Chromatography of the residue on 
silica in 1:1 EtOAc/Kexane gave 
N- [ 3 -N- (benzyloxycarbonyl) amino-1- (R,S) - 
methcxycarbonylpropyl] -L-leucine N-phcne thy lamide 

(310mg) . Rechroma tography on silica then gave the R 
diaster ecisoDor as an oil. 

To a solution of the foregoing R-iscmer (llfcJng) in 
methanol (4ml) was added dilute KaOH (111, 0.5ml). 
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After standing overnight at 2fc)~ the reaction mixture was 
acidified with acetic acid and concentrated to a solid 
in v acuo . Chromatography on reverse phase silica 
eluting with 1:1 MeOH/H 2 0 gave the jLLtlfi iLOjnfimmd as a 
5 white powder (55mg) , in. p. 130-135°; (Found: C,65.62; 
H,7.59; N,8.85. C 28 H 35 N 3°5 +0 -3H 2° re( 3 uires C/65-75; 
H,7.55; N r 8.85%); V m ax < Nu 3 ol > 1690 ' 1655 and 1630 
cm" 1 ; ^(d^MSO) 0.83 ( 6H,m, CH (CK3) 2 ) ; 1.1-1.85 

(6H f m f NCH 2 CH 2 Cfi2 CIi{CH 3 ) 2 and NH) ; 2 * 69 
10 (2H f t / J=7.2Hz r CH 2 C 6 H 5 ) ; 3.0-3.6 (7H,NCH 2 x2 , 3^-CHx2 , 

C0 2 K) ; 5.0 (2H,s / OCfi 2 C 6 H 5 ) ; 7.1-7.5 (10H,m,C 6 H 5 x2) ; 

8.05 (lH,m,CONH) . 

Example 23. 

15 N- I 5-N- f Benzylox yr^rh^nyl * ami no-1- ( -Tnethoxycarbonvl 
pentyi)-L-ieuc yi-o-Tnethv1-L-tvrosiRe N-Hethylamlflfi 

To a stirred solution of crude methyl 
6-N- (benzyloxycarbonyl) araino-2-cxo-hexanoate C7 .03g, 24mM; 
Tet.Lettw (1982) , 23, 1875) and 
20 L-leucyl-O-methyl-L- tyrosine N-Hethylamide (1.86g, 6 niM) 
in methanol (50ml) was added acetic acid to bring the pH 
to 6.5. Sodium cyanoborohydr ide (400mg, 6.5n\M) was then 
added portionwise whilst the pH of the solution was 
continually re-adjusted to 6.5 by the addition of acetic 
25 acid. After 1.5h at room temperature a further portion 
of sodium cyanoborohydr ide (4C0mg) was added and the pH 
was again re-adjusted to 6.5 with acetic acid. After a 
further Ih at room temperature, the reaction mixture was 
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concent toted in .ya.cuo and the residue in CII 2 C1 2 (5Cml) 

was washed in turn with water (30ml) , dilute HC1 (1M, 

30ml) and saturated aq.NaHC0 3 . The material irol^ted 

from the organic layer vat purified by column 

chromatography on silica in O^Clj in an increarirg 

ethyl acetate gradient to give the _Li_tl_e £S>&g&itr.£ as an 

oil (36Gmg); (Found: [m+l] + = xxx.xxxx. C 0 n H- ,N ,0. 

31 44 4 / 

requires tir+l] + = xx.xxxx); ^(CDCl^ 0.88 CH(Cfl 3 ) 2 ); 
1.0-1.86 (ieK / m / NHCH(Cfl 2 ) 3 ) # CH 2 Cfi (CH 3 ) 2 and NK) ; 2.74 
(3H,d, J=5Hz f NCH 3 ) ; 2.85-3.4 (6H,m,NHCii 2 , CH 2 C 6 H 4 and 
^-CHx2); 3.65 and 3.75 (each 3H, each s, 2xOCH 3 ) ; 4.64 
(lH,dd,J=13Hz and 6Ez,©(-CH)? 5.10 (2K , s , Cfl 2 C 6 H 5 ) ; 
6.78 (2H,d, J=8.6Hz, Tyr H-3 and H-5) ; 7.10 
(2H,d,J=8.6Hz, Tyr H-2 and H-6); 7.35 (SH^C^) and 

O D 

7.64 (lH,d,J=10Hz,CONH) . 
Saan.ple 21 

N- f 5-N- (Benzvl oyvcarbonvl) amino-1- f R) -c arboxypentyll^T,- 
leucyl-O-methyl-L-tyrosine N-Hethyl amid£ 

To a solution of the ester from Example 20 (140mg, 
0.23 inM) in methanol (10ml) at 0° was added dilute NaOH 
(IK, 0.5irl) . After 48h at 0°, a further portion of 
NaOH (IN, 0.4n-l) was added and the solution stirred at 
20° for a further 24h. The reaction mixture war* then 
acidified with acetic acid and concentrated in yacj^ to 
give a semi-solid which was purified by partition 
between ethyl acetate and water at E°. The resulting 
solid Wczc filtered/ washed with water and ethyl acetate 
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and was diieu jLa vacu o to give the XJj-JLt: ^viVipiUnd 
(110mg); 122-128°; (Found: [m+1] + =585 .3290 C 31 H 44 M 4 0 7 
requires [m+1] + =585 .3288) \} (Nujol) 3340, 1688 and 

1640 cm" 1 ; (CD 3 OD) " 0 .88 (6H,m,CH (CH3 ) 2 ) 7 1.0-1-86 

5 (SH,m f NHCH 2 (Cfl 2 ) 3 and CH 2 Ca(CH 3 ) 2 ) ; 2,74 (3H r s f NCH 3 ); 
2.8-3.6 (6H / Tn / MHCfl 2/ CE 2 C 6 H 4 and fl(-CKx2) ; 3.77 
(3H / s / OCH 3 ); 4 .60 (lH,m,-X-CH) ; 5.1Q (2H,s f CH 2 C g H 5 ) ; 
6.78 (2H,d, J=8.6Hz, Tyr H-3 and K-5) ; 7.05 (lH,m,COHH)j 
7.10 (2H,d,J=8.6Hz Tyr H-2 and H-6) and 7.35 

10 (5H,m,C 6 H 5 ) ; m/e 585 (1%, {m+l] + ), 567 (20% 
[m-rl-H 2 0] + ) . 

Example 22. 

N- f f N-Acetyl-L-prolyll amino-1- (R) -carboxyper,tyl]-L- 

15 J-eucyl-Q-Tnethy 1-I,-tyrosing N-Hetfrylamifle 

N- [ 5-N- (Benzyloxycarbonyl) amino-1- (R) -methoxycarbony 1- 
pentyl) -L-leucy 1-C-methy 1-L-tyrosine N- me thy lamide 
(400iug f 0.66 mK) in methanol (20ml)- was treated with 

20 dilute HC1 (IN, 1.2ml) and PdCl 2 (50mg) . The reaction 
mixture was stirred under hydrogen for 20 min. at room 
temperature and was then filtered. Concentration of 
the resulting solution in ya&xin gave 
N-[ 5-amino-l- (R) -methoxycarbonylpentyl] — L— 

25 leucy 1-O-methy 1-L-tyrosine N-mc thy lamide hydrochloride 

as an oil. This was dissolved in CH 2 C1 2 (20ml) and DMF 
(5rr.l) and to the resulting solution was added N-methyl 
' morpholine (300n;g) and N-ace tyl-L-proline p-nitrophenyl 
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ester (191mg). After standing at 20° for 72h, the 
reaction mixture was concentrated in 3££jcms and the 
residue in ethyl acetate (20ml) was washed with aq . 
citric acid solution*. These aqueous washings were 
5 concentrated in 3££L£iUl and the resultant oil was purified 
by chromatography on reverse phase silica eluting with a 
gradient of methanol in H 2 0 to give 

N-[5-N- (N-acetyl-L-prolyl) air.ino-1- (R) -methoxycarbony lpen 
tyl] -L-leucyl-O-methyl-L^tyrosine N-raethylamide (35Smg) 

10 £(CDC1 3 ) 0,84 (6H,dd,J=14Hz and 7Hz , CH (CR 3 ) 2 ) ; 

1.05-2.4 (13K / m / NKCH 2 (Cii 2 ) 3/ Cfi 2 C£(CH 3 ) 2 and CH 2 CH 2 ) ; 
2.08 (3H /S/ COCH 3 ) ; 2.70 (3H,s r NCH 3 ); 2.76-3.82 
(8H,m,NCH 2 ,NHCE 2 C 6 H 4 and o(-Ciix2) ; 3.66 and 3.74 (each 
3H r each s, 2xOCH 3 ) ; 4.32 (lH,m,0^-CH) ; 4.56 

15 (lH,dd,J=13Hz and 6Hz,0(-CH); g. 8 g (2K,d, J=8.6Hz, tyr 

H-3 and K-5) and 7.12 (2H, d f J=8 ,6Hz , Tyr H-2 and H-6).] 

A portion of this material ( 13017.9) in methanol 
(5ml) was treated at 0° with dilute NaOH (IN, 0.5ml). 

^ After standing overnight at room temperature, a further 

20 portion of NaOH was added (IN, 0.2ml) and this was then 
repeated 6h later. After a further 18h at 20° the 
reaction mixture was acidified with acetic acid and 
concentrated to an oil in jzacjaa. Chromatography on 
reverse phase silica eluting with water in an increasing 

25 methanol gradient gave the MHp Mmstounil (lBOir.g) ; m.p. 
97-101°; (Found: [ro+1] + =590 .3552 C 30 H 47 N 5 O ? requires 
[m+l] + =590.3554) ; \) ^ (Kujol 3280 (br) and 1625 (br) 
cm" 1 ; £{CD 3 CD) 0.94 ( 6 H , m , CH (CH3 ) 2 ) ; 1.2-2.4 
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(13K, n, MHCH 2 (Cfl 2 ) 3 , CH 2 CI1(CH 3 ) 2 and CH 2 CH 2 ) ; 2.12 
(3H,s,COCH 3 ) ; 2.68 (3H,s,NCH 3 ); 2.75-4.1 
(8H,m,NCH 2 ,NHCil 2 ,Cil 2 C 6 H 4 and 0^-CHx2) ; 3.77 (3H, 5,0013); 
4.33 and 4.58 (each IK, each m, 2x2CK); 6.85 
(2H,d f J=8 .6Kz, Tyr H-3 and H-5) ; 7.16 (2H, d, J=8 .6Hz , 
Tyr H-2 and K-6) and 8.03 (lH,m,CONH) ; in/e 590 (2%, 
[m+ll + , 572 (10% [m+l-H 2 0 + ) . 

Example 23 

10 N- f 2- ( -N-(l-fi)-Carbnyypi-hy1 ^ anino-4 .4-dimethvli3entaP.oyJJ. 
-L-a la nine N-Biitylamide 

N- [ 2- ( S) -N { 1- (R) -Methoxyca rbonylethyl) amino-4 ,4- 
dime thy lpentanoyl] -L-alanine N-butylamide (65mg) in 
methanol (30ml) was treated with IN-sodium hydroxide 
15 (3ml) at 20° for 6h. Excess acetic acid was then added 
and the solvent evaporated in :v_aciiQ. The residue was 
chromatogr aphed on reverse phase silica (RF 18) in a 
gradient of 20%-8D% methanol in water. Eluti.on in 7£% 
methanol in water afforded the iifclfi. cjansoiuxd. (30i?.g) as 
20 a freeze-dried powder, ro.p. 137-138°; (Found: 

[m+1] "'"=344.2548. C 17 H 34 N 3°4 requires [m +1] =344.254S) ; 
^(D 2 0) 0.9 (3K / t,J^6Kz,CH 2 Cfi 3 ) ; B.94 { SK, s ,C (CH 3 ) 3 ) ; 
1.2-1.8 (6H,m, (CH 2 ) 2 and CH 2 ) ; 1.4 (3H,d, J=8Iiz , CH 3 ) ; 
1.52 (3H,d,J=7Hz,CH 3 ) ; 3.18 ( 2H , t , J-GKz ,NHCE 2 ) ; 3.66 
25 (lK,q, J=5Kz,CHC0) ; 3.88 (1H, d, J=lQUz ,C£CH 2 ) and 4.38 
(lll,q, J^5Kz,CUCH 3 ) . 

The starting material required in the proceeding" 
preparation was syntho&ised ac described in the 
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following paragraphs; 

(a) Benzyl 2-Bromo-4 , 4^dini£jLbo£lp^^ 

4 ,4-Dimethylpentanoic acid (40g; CJiejd L_e±_fc , 

(1980), 571) was treated at 20° for 16h with thionyl 
5 chloride (40g) and the mixture distilled under reduced 

pressure to yield 4 , 4-dimethylrentanoyl chloride (38g) 

b.p. 52-58° at 10mm Hg/ ^ (CDC1 3 ) 0.94 (9H, s ,C (CH 3 ) ; 

1.66 (2H,t, J=9Hz,CH 2 ) and 2.88 (2H, t, J=9Hz,CH 2 CO) . 

A portion of this material (20g) was treated at 
10 110° with bromine (20g) for 4h.' Further bromine (5g) 

was then added and the reaction continued for lh. 

Distillation under reduced pressure afforded 

2-bromo-4 f 4-dimethylpentanoyl chloride (26g) , b.p. 

92-96° at 10mmHg; % (CBCI3) 1.0 (9H, s, C(CH 3 ) 3) ; I.94 
15 (lH,dd,J=15 and 5Kz, CHCHBr) ; 2.42 (lH,dd,J=15 and 8Hz, 

CflCHBr) and 4.64 (lH,dd,J=8 and 5Kz f CB.Br) . 

The bromo-acid chloride (12g) in CH 2 C1 2 (100ml) was 

treated with benzyl alcohol (8.8g) and N-methyJ. 

morpholine (4.06g) at 0° for 16h. The solution was 
20 then washed successively with dilute HC1 and 

Sat.aq.NaKC0 3 solution. The residue after evaporation 

of the solvent was purified by chromatography on silica 

in 20% ether-hexane to give the desired iuLP.ma £.s_t_ex 

(11. 2g) as an oil; (Found: C,56.3; H,6.4; Br, 26.8; 

C 14 H 19 Br '° re< 3Uires C,56.2; H f 6.4; Br, 26. 7%); O 

_ V max 

2940 and 173U cm 1 ^(CDCl^ 0.88 (9H,s, (CH 3 ) 3 C) ; 1.92 
(lH,dd,J=15 and 4Hz,QiCHBr); 2.38 (lH,dd,J=15 and 
10Hz,CiLCHBr) ; 4.34 (lH,dd,J=10 and 4Hz CiiBr) ; 5.2 
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(2H,s,0Qi 2 -C 6 H 5 ) and 7.4 (5H,m,C 6 H 5 ). 

(b) E.enzy.l 2~ f Si -N- fl-(R) -Me thoxy ca rhnnyl ethyl ) amino- 

Ben2yl-2-brono-4 / 4-dimethylFentanoate (20g) in dry 

5 dimethyl sulphoxide (250nl) was treated with D-alanine 

methylester hydrochlor ice (S.33g), N-methyl morpholine 

(6.78g) and tetrabutyl ammonium iodide (24. 7g) at 90° 

under an atmosphere of argon for 2 days. The reaction 

mixture was allowed to cool to room temperature, poured 

10 into water (500ral) and the products recovered by 

extraction into dichloroinethane (3x25Cnl) . The 

material isolated froia the organic extracts was purified 

by chromatography on silica developed in a gradient of - 

hexane-ether • Elution with 3(2% ether-hexane afforded 

15 benzyl 4 , 4-dime thy lpent-2-encate (14g) . Elution with 

4G% ether in hexane afforded the title £_OiiixiiimKl (35Brag) 

as a gum; (Found: [nw-l] + =322.2Q22. C 18 H 27 N 1°4 

requires [m+1] + =322.2016) ; \) mav (film) 1735 . cm" 1 ; 

max 

^(CDCl^ 0.90 (SH, s,C{CH 3 ) 3 ) ; 1.28 (3H,d,J=7Kz CHCE 3 ) ; 

20 2.46 and 2.68 (2H f each dd,J=12 and 5Hz,CH 2 (CH 3 ) 3 ) ; 

3.38 (lH,q,J=5Hz CH-CH-j) ; 3.36 (lH,t,J=5Hz, Cfi.-CH 2 ) ; 

3.66 (3H,s,OCH 3 ); 5.12 (2H f s,OCH 2 ) and 7.36 

(5H, s, C^EI,-) . Elution with 45% ether in hexane afforded 
o i> 

benzyl 2- (R) -11- ( 1- (R) -roethoyycarbonylethy 1) - • 

25 arr.ino-4 ,4-dime thy lpentanoa te (34Smg); (Found: 

[m+l] + =322.2322. C,,H o _N0. requires 322.2D18) ; -y) 

11 27 4 J v max 

(filn.) 3360 and 1735 ens -1 ; % (CDC1 3 ) 0.90 (SH,s, 
C(CH 3 ) 3 ); 1.28 (3H,d,J-eiIz, CHCIL 3 ); l.*4 and 1.72 (211, 
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each dd,J=5 and 12 . 5Hz,CH 2 ) ; 3.32 (lH,q,J=7Kz, CECH 3 ) ; 

3.44 (lH,t,J=6Kz, CHCH 2 ); 3.69 (3H,s,OCH 3 ) r 5.24 

(2H,s,0CH_) and 7. 36 (BH/iii/C-H,. ) . 

(c) l^Z=J[£JL=K(l:^)rilg^ 
5 iiiiri£iLh^l.g.entgnoyT3 -i^aJLajpina N-Egtyjamjjie. 

The foregoing benzyl ester (450mg) in methanol 

(50ml) was treated with palladium on charcoal (10% 

400rcg) under 1 atmosphere of hydrogen with continuous 

stirring. When the uptake of hydrogen had ceased (15 
10 min) the solution was filtered and the filtrate 

concentrated jjx .vacuo to afford 

2- (S) ~N-{1- (R) -methoxycarbonylethy 1) amino-4 ,4-dimethyl- 
pentanoic acid {210mg); m*p. 120-124° (from ether). 

This material (200mg) in CH 2 C1 2 (50ml) was treated 
15 with L-alanine N-butylamide hydrochloride (220mg) , 
N-ethyl-N f -(3- 

dimethylamino propyl) carbodiimide hydrochloride (200nc) 
and 1-hydroxybenzctriazole (120mg) at B°C. The pK of 
the reaction mixture was adjusted to .7 by the addition 

20 of N-methyl morpholine. After 16h at 20° r the solution 
was washed in turn with saturated sodium hydrogen 
carbonate solution and 1M citric acid solution. The 
material isolated after evaporation of the 
dichloronetbane was chromatographed on silica developed 

25 in a gradient of 26% ethyl acetate in dichlor omethane to 
6S£ ethyl acetate in dichlor omethane to afford the t i 1 1 
fi.OJBDai.lcd (llOntg) as a colourless oil f (Found: 
[m-fl] + =358.2705. C^^R^ requires [m+lj + »358,2706) ; 
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(CDC1 3 ) 0.92 t f J = 7 .5Hz f CH 2 Cii 3 ) ; 1.0 

(9H f s f C(CH 3 ) 3 ) ; 1.36 and 1.40 (each 3H, each t, 
J=6Kz f 2xCH 3 ) ; 1.2-1 .9 (6H,m,3xCH 2 ) ; 3.24 (2H,m f NHC£L 2 ) ; 
3.46 (lH,q,J=6Hz,CH) ; 3.77 (3H,s,OCH 3 ), 4.46 
(1H, t f J=6Kz # CHCH 2 ) ; 4.5 (1H, q, J=6Hz , CU) , 7.15 (lH,m,NH) 



and 7.73 (1H ,d, J«8Hz ,NH) . 

The L-alanine N-butylemide hydrochloride used in 
step (c) was prepared from 

N-tertiarybutoxycarbonyl-L-alanine N-butylamice by 
exposure to TFA in CH 2 C1 2 followed by treatment with 
ethereal EC1 . This in turn was prepared frcr? 
H-tertiarybutoxy-L-alanine and n-buty lamine following 
the procedure described in Example 2 for 
N-ter tiarybutoxy-O- 

benzyl-L-tyrosine N-methy lamide except that butylamine 
was used in place of me thy lamine hydrochloride. 

Exa mple 2A 



This was prepared from ter tiarybutoxycarbonyl-L- 
norleucine, L-alanine N-butylamide and 2-bromopropionic 
acid methyl ester as described in the following steps: 
(a) lexfcjj-jL^t^^^ 
t>u.t^\^rJLf5e 

Ter tic rybutoxycarbony 1-L-nor leucine (13 .2g) in 
CH 2 C1 2 (2eCnl) was treated at 0° with L-alc.nine 
N-bulylrniice (5.25c,) r DCC (7.77g) and 
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1-hydroxybenzotr iazole (5g) . The pH of the reaction 
mixture was adjusted to 7 with N-rcethyl ir.orphol ine and 
allowed to warm to room temperature overnight. The 
precipitated urea was filtered off and the filtrate 
washed successively with saturated aqueous sodium 
hydrogen carbonate, water and 1M citric acid. The 
organic phase was dried over sodium sulphate and the 
solvent evaporated in ^cjiq. The residue was 
chromatographed on silica in a gradient of 30-70% ethyl 
acetate in dichlorome thane. Elution with 50% ethyl 
acetate in dichloromethane afforded the tit! e , XLojBpjaiicd 
(7.6g) which crystallised from ethyl acetate as needles 
m.p. 108-112°; (Found: C,60.8; H,9.8; N,11.8. 
C 18 H 35 N 3°4 re g u ires C r 60.5; H,9.9; N,11.75%); ^ 
15 (Nujol) 3280, 3340 1675 and 1640 cms" 1 (CDC1 3 ) 0.9 
and 0.91 (each 3K, each t, each J=5Ez ,2xCH 3 ) ; 1.1-1.9 
(10K,m, (CH 2 ) 3 and (CH 2 ) 2 ); 1.38 ( 3H, d , J=5Kz ,6H 2 CHCH3) ; 
1.44 (SK,s, C(CH 3 ) 3 ); 3.24 (2H,tt,J=5Hz NECH.^) and 4.1 
and 4.48 (each IE, each m, 2x CE) . 
20 (t>) L-Norleucine-T.-al^nfnp N-bu tylamidj* 

Tertierybutonycarbonyl-L-norleucine-L-alanine 
N-butylamide (5g) in dichlor omethar.e (20ml) was treated 
with trif luroacetic acid (26ml) at room temperature for 
2h. The solvents were evaporated in Jta_ciiQ and the 
25 residue in water was treated with excess sodium hydrogen 
carbonate and the free amine recovered in 
dichloromethane. Evaporation of the CH 2 C1 2 and 
crystallisation of the residue from ether-hexane gave 
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the- JJLtXe ficiSBQucd (3.1g); m.p. 83-84°; (Found: 
C,60.7; K,10.4; N,16.0. c i3 H 27 N 3°2 re< 3 uires C,60.6; 

H,10.6; N,16.3%); "V = (Nujol) : 3360, 3280, 1635 and 

ma x 

1675 cm" 1 ; <J(CDC1 3 ) " 0 .94 (6H,t r J=5Kz,2xCH 2 C& 3 ) f 1.40 
5 (3H,d,J=6Kz CH-Cfi 3 ) ; 1.4-1.9 (ieK,rn, (CH 2 ) 3 and (CH 2 ) 2 ); 

3.26 (2H,dt, each J=5Hz,NK-CE 2 -) ; 3.35 (lH,dd,J=4 and. 
8Hs, Cfi-CH 2 ) ; 4.50 (lH,dq, each J=6Kz, CH.-CH 3 ) ; 6.9 
(lK,m,Nii); 7.86 (lH,d, J=7Kz,Uil) . 

(c) N- ( 1- f -Wpt-hoxy r.s rhonyl ethyls -S-norl eucyl-S- 
10 alapi ne N-Butyl areide 

L-Kcrleucir.e-L-alanine N-butylamide (Ig) in 
acetonitrile (10i?.l) was treated with N-methyl morpholine 
(E,4g) and methyl 2-brcmopr opiona te (B.64g) under reflux 
for 16h. The solvent was removed in yacuo and the 
15 residue in dichlor or.:ethane washed successively with 1M 

citric acid, water and saturated aqueous sodium hydrogen 
carbonate. The residue after evaporation of the CH 2 C1 2 
was chro&:atcgraphed on silica in a gradient of. ethyl 
acetate in CH 2 C1 2 . Elution with 6E% ethyl acetate in 
20 CH 2 C1 2 afforded N-(l-(S)-ir.ethoxy- 

carbonylethyl) -S-ncrleucy 1-S-alanine N-butylamide 
(210mg); (Found: [m+ 1 1 + =3 A A .2547 . c i 7 R 34 N 3 0 4 requires 
[ir:+l] + =344.2582) ? ^ (fcujol) 3320 and 1740 cms" 1 ; 

^CnCl 3 ) 0*95 (6H,t # J«=7Hz r 2xCH 2 ca 3 ) ? 1-36 and 1.40 
25 (each 3K, each d r each J = 6Hz f 2xCHCii 3 ) ; 1.2-1.8 

(ieH f m r (CH 2 ) 2 and (CH 2 ) 3 ); 2.98 (lH,dd,J=4 and 5Hz f 
CIiCH 2 ); 3.24 {3H r in,NHCfi 2 and ChCO) ; 3.7 (3K,s,OCH 3 ) ; 
4.56 (lH,dq,J=5Hz,CH) and 7.04 and 7.9 (each 1H, each m, 



BNSDOCID: <EP 01 26974A1 J_> 



83. 



0126974 

Continued elution with 65% ethyl acetate in CH 2 C1 2 
gave the JJLtlfi ^jasojjjnd (I90ir.g) , in. p. 84-88° (from ethyl 
acetate); (Found:" C,59.2; H,9.5; N,12.2. C 17 H 33 N 3 0 4 

5 requires C, 59. 6; H,9.4; N,12.3%); "V (Kujol) 3280 

and 1740 eras" 1 ; (CDC1 3 ) 0.94 (6H, t, J=6Kz , 2xCH 2 Cfi 2 ) ; 
1.38 and 1.42 (each 3H, each d, each J=5Ez, 2xCHCH. 3 ) ; 
1.3-1.9 (10K,m, (CH 2 ) 2 ) ; 3.06 (lH,dd,J=5 and 8Kz, 
CECH 2 ); 3.24 (2H,dt,J=5 and 6Hz,NHCJI 2 ); 3.46 

10 (lH,q,J=6Hz,CHCO) ; 3.72 (3H,s,0CH 3 ) ; 4.67 (lH,dq,J=5 
and 7fiz / CELCH 3 ) ; 6.84 (lH,m,NH) and 7.82 
(lH,d,J=7Kz,NH) . 

< d ) y-(l-fR)-Carhoyvethvl>-S-nor1Pii^v1-.c!-al ?n i T1fil n- 
Butylannrte 

15 The foregoing methyl ester (150ng) in CH-jOH (50ml) 

was treated with 1M NaOH (ljul) at roora temperature for 
72h. Excess acetic acid was added and. the solvents 
evaporated in vacua. The residue was chroraatographed 
on reverse phase silica (RP18) in a gradient of 0-60% 

20 methanol in water. Elution with 50% methanol in water 
afforded the t it?>£. c_pjno£Ll3JliS (110rag) as needles froru 
ether/herane; m.p. 185-190°; (Found: C,56.7; H,9.2; 
N,12.4. c l6 H 31 N 3 O 4 .H 2 0 requires C,56.8; H,9.5; 
N,12.4%); Vmax ( Ku 3 o1 ) 3200 and 1650 cm" 1 ; (CD 3 CD) 

25 0.92 and 0.94 (each 3H, each t, each J=6Kz ,2xCH 2 CE 3 ) ; 
1.36 and 1.48 (each 3H, each d, each J=-6Hz ,2xCHQi 3 ) ; 
1.2-1.9 (lCH,m,(CH 2 ) 2 and (CH 2 ) 3 ); 3.20 (2H,t,J=6Hz 
KK-Cil 2 ) ; 3.56 (lH,q, J=6IIz ,CJIC0 2 H) ; 3.88 



BNSDOCID: <EP 0126974A1J_> 



26974 



- 85 - 



The compounds of Examples 25 to 131 and their 
routes of preparation are exemplified v/ithin the 
following Tables, ■ 

Using the methods illustrated in examples 1-24 
further examples 25-131 in Table 1 are prepared, 

Compounds N- 1 2- (S) -N- ( 1- (R) -carboxye thy 1) 
araino-4 f 4-di- (tr if luorouiethyl) butancyl] -O-methy l-L- 
tyrosine N-zue thyle." ide and 
N- [ 2- (S) -N-(3-(benzyloxycarbcnyl) 

a::ino-l-(R) -carboxypr opyl) araino-4 , 4-di- ( tr if luoroicethy 1) 
but£Poyll -O-me thy l-L- tyrosine N-methy lamide are likewise 
prepared by methods described in examples 1-24 . 
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Notes for TABLE 1: 

1. Stereochemistry-optical centres labelled from 
left to right ' . 

2. Of hydrated form where appropriate. 

3. ra.p. of HC1 salt. 

4. R 1 «, OC 2 E 5 not OCH 3 

Gly = glycyl = KHCH 2 CO 
Phe = phenylalanyl = NHCHCO 

CH 2 C 6 H 5 



Val = valyl = NKCHCO 

I 

CH{CH 3 ) 2 

Ph - phenyl = C g H 5 

Bz = CH 2 C 6 H 5 

Z = PhCH 2 O.CO 

DNP = 2,4-dinitrophenyl 

Leu = leucyl = NH-CHCO 

CH 2 CH(CH 3 ) 2 

Sar = Sarcosyl = K(CH 3 )CH 2 CO 

Thr = threcnyl = NH-CHCO 

I 

CH(CH 3 )OH 

Tyr = tyror;yl = NH-CIiCIiCO 

CH 2-^O~" 0H 
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Ser = seryl « NHCHCO 

I 

CH 2 OH 



Pro = prolyl = 

CO 



Lys = lysyl « NHCKCO 

(CH 2 ) 4 NH 2 



CH, CH, 

i so- Aba = isc-aminobutyryl = NH^ ^CO 
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The activities of representative compounds according to 
the invention are given below in Table II. 



TABLE II 



Example No. 


IC 5Q (jxM) 
Human Rheumatoid 
Synovial Collagenase 


5 


1 .7 

> 


6 


42 


7 


5.5 


9 


9.5 


11 


0.8 


13 


91 


14 


1 .2 


15 


3 . 1 


16 


4.9 


18 


1 .3 


19 


51 


21 


1 1 


22 


42 


23 


25 


24 


19 
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What is claimed is: 

1. A compound of the general formula 



H COR 1 R- R-a 

C. ^- C A. 



Al A 2 -Y-(CH 2 ) n / s NH ^- 3 



and pharmaceutically acceptable salts thereof wherein n is 
1 to 4 inclusive; 

R 1 represents hydroxy, alkoxy, aralkoxy or hydroxyamino; 
2 

R represents hydrogen or alkyl; 
3 

R represents hydrogen, 

alkyl, 

substituted alkyl wherein the 

substituent may be one or more of the 
groups selected from hydroxy, alkoxy, 
aryloxy, aralkoxy, mercapto, 
alkylthio, arylthio, alkylsulphiny 1 , 
alkylsulphonyl, carboxy , carboxamido, 
carboxyalkyl, carboxyaralkyl, 
aralkoxycarbonylamino, amino, 
diolkylaininor acylanino, aroylaruino 
and tr ihalonic thy 1; 

aralkyl, 
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substituted aralkyl wherein the 

substituent on the aryl moiety may be one 
or more groups selected from halogen, 
alkyl, hydroxy, alkoxy, aralkoxy, amino, 
aiainome thy 1, cyano, alky leiuino r 
dialkylamino r carboxy, sulphonamido, 
alkylthio, nitro and phenyl; 
or heteroaralkyl; 
Y represents NR 4 wherein R 4 represents hydrogen or 
alkyl or Y represents a direct chemical bond; 
When Y represents NR", 

A 1 represents a group of formula R^ wherein 
R 5 may be hydrogen, alkyl, aralkyl, acyl, aroyl, 
aralkylacyl, alkoxycarbonyl, or 
aralkoxy carbony 1 , 
aryl, 

substituted aryl wherein the substituent 
may be one or more groups selected from 
halogen, alkyl, hydroxy, alkoxy, aralkoxy, 
aralkoxyaminOr aminomethy 1, cyano, 
acylaniino * dialkylaminor carboxy, 
sulphonaruido, alkylthio, nitro and phenyl; 
A 1 may also represent a group of the formula: 

O 
It 



R 8 V 
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wherein R 6 represents a group having the meanings 

defined above for R 5 ; 

7 8 

R and R which may be the sa:ae or different represent 

hydrogen, alkyl or aralkyl; or 

7 8 

R and R may together represent an alkylene chain of 

2-4 carbon a tents so to form with the 
adjacent nitrogen atom a 

nitrogen-containing ring having 4-6 atoms; 

9 3 
R is the same as R defined above ♦ 

2 

A represents a group of the formula 




wherein 

R* B and R 11 which may be the same or different 

represent groups having the meanings given 
7 

above for R or together represent an 
alkylene chain of 2-4 carbon atoms so as 
to form with the adjacent nitrogen a 
nitrogen-containing ring having 4 to 6 
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atoms; 

1 2 

R represents a group having the meanings given above 

for R 9 ; 

1 2 

A and A taken together may represent hydrogen, 

alkyl, aralkyl, heteroa ralky 1, 

alkylsulphonyl, arylsulphony 1, 

13 

ar alkysulphony 1 or a group R CO wherein 

R 13 represents hydrogen, alkyl, aralkyl, 

aryl, alkoxy , aralkoxy, alky lam ino* 

> 

ary latino, ar alky lan ino, phenethenyl, 

phenethynyl, d i alky lam ino; or substituted 
5 

aryl as in R , substituted aralkyl as in 

R 3 and substituted aralkoxy wherein the 

substituents on the aromatic moiety are as 

defined for substituted aralkyl 

when Y represents a direct cb.err.ical bond, 
1 2 

A and A taken together represent 

hydrogen, alkyl, aryl, alkoxy, 

aralkoxy, substituted aryl and 

substituted aralkoxy 

wherein the substituent on the 

aromatic moiety of the aralkoxy are as 

defined for substituted aralkyl, 

hydroxy, 

niercapto, 

alkylthio, 

ary 1th io r 
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ar alkylthior 
carboxy , 

- or carboxyalky 1; 

3 

A represents a group of the formula 



or 




wherein 
1 a 

R * represents amino, 

alkylamino, 

dialkylamino , 

hydro xy an i n o , 

or aralkylamino* 

and R 15 , R 16 and R 17 which may be the same or 

different represent groups having the meaning given above 

for R 1B , R 11 and R 12 respectively and 
1 8 

R represents amino, 

alkyleminor 
d i al ky lam ino • 

substituted alkylamino wherein the 

substituent is amino, hydroxy, alkoxy, 
ca rboxy , carboxamido , ca rboxyal ky 1 
alkylthio, alky lsulphinyl, or 
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alkylsulphonyl, 
hydroxyamino , 
alkoxyaraino, 
ar alky lam ino * 
alkoxy , 
ar alkoxy , 

or alky lain inoalkoxy, 

3 



all with the exception that when A is alkylainino one cf 
R 2 and R 3 is 
hydr oxyalky 1 . 



2 3 

R and R is not hydrogen and the other alkyl or 



A compound according to Claim 1 having the formula 



H 



.COR 



A 1 A 2 -Y-(CH 



2'n NH 




O 

» 10 

NH — CH— C -R i8 
J.17 



and the pharmaceutical ly acceptable acid addition salts 
thereof wherein A 1 , A 2 , Y, n, R 1 , R 2 and R 18 are 
as in Claim 1; 

r17 represents substituted alkyl wherein the substituent 
is alkoxy, arrJkoxy, aralkoxycarbonylamino, carboxyalkyl, 
carboxyciralky] cr substituted arslkyl wherein the 
substituent is on» cr ncre groups selected fron alkyl f 
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alkoxy, alkythio or aralkoxy and 
3 

R represents hydrogen, 

alkyl, 

substituted alkyl wherein the 

substituent may be one or more of the 

groups selected from hydroxy, alkoxy, 

aryloxy, aralkoxy, mercapto, 

alkylthio, arylthio, alky lsulphinyl, 

alkylsulphonyl, carboxy, carboxanido, 

> 

carbovyalkyl, carbcxyaralkyl, 
ar alkoxycarbonylamino, amino, 
dialkylamino, acylamino, aroylamino and 
tr ihalonethyl; or 
substituted aralkyl wherein the 
substituent on the aryl moiety may be one 
or more groups selected from halogen, 
alkyl, hydroxy, alkoxy, aralkoxy, amino, 
amincmethyl, cyano, alkylamino, 
dialkylamino , carboxy, sulphonamido, 
alkylthio, nitro and phenyl. 

3. A compound according to Claire 1 having the formula 



COR 1 H o 

2 n ^ \ ^ NH — CH --* C — R 



Nil 



104. 
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and the pharmaceutically acceptable salts thereof wherein 

R 1 represents hydroxys alkoxy r or aralkoxy; 

n is 1 to 4 inclusive; 
3 

R represents alkyl or alkyl substituted with one or two 
trif luoroiue thyl groups; 



represents substituted alkyl wherein the substituent is 
alkoxy r aralkoxy r aralkoxycarbonyaraino, carboxyalkyl, 
carboxyaralkyl or substituted aralkyl wherein the substituent 
is one or more groups selected from alkyl/ alkoxy, alkylthio 
or aralkoxy; and 



1 8 

R represents amino. alkyleminOr dielky lair.ino , 
hydroxyamino, alkoxyamino, arelkylamino, alkoxy f aralkoxy, 
alkylaninoalkoxy or substituted alkylamino wherein the 
substituent is amino, hydroxy, alkoxy, carboxy, carboxamido, 
carboxyalkyl r alkylthio, al'y Isulphinyl or alkylsulphonyl- 



4, A compound according to Cleiii- 3 wherein n, , 
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R 3 , and R 18 are as defined in Claim 3 and R 17 
represents benzyloxymethy 1 , l-benzy loxyethy 1, 
4-benzyloxyphehylmethyl or 4-methoxyphenylmethyl. 



5. A compound according to Claim 1 having the formula 




and the pharmaceutical^ acceptable salts thereof 
wherein R r R" , R * R~ r and n are as 
defined in Claim 1; 



R represents alkyl, aryl, aralkyl, aralkoxy, alkoxy, 
alkylamino, arylaniino* arslky laraino , dialky lamino or 
substituted aryl, substituted aralkyl, and substituted 
aralkoxy wherein the substituent on the aroeratic moiety 
is maybe one or more groups selected from halogen, 
alkyl, hydroxy, alkoxy, arcilkoxy r ar alkoxyunino, 
ami none thy If cyrno, acylaninor dialky latino, carboxy r 
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sulphonamido, alkylthio, nitro and phenyl; and 



R represents alkyl or alkyl substituted with one or two 
tr if luor ome thyl groups . 



6. A compound according to Claira 5 having the fcrnula 



H COR 

13 " N / 

R - — CO - N - CH 0 — CH — C 

H 




o 
II 

C- Nil — CH - C -R 
U 
O 



18 



il7 



and the pharmaceutical^ acceptable salts thereof wherein 

R 1 , R 3 , R 17 r and R 18 are as described in Claim 5; 
1 3 

and R represents benzyloxy; benzyloxy substituted with 

4-chloro, 2-chloro, 4 -methyl, 4-nitro 
or 4-amino; 
benzyl amino; 

phenyl or phenyl substituted with 
4-chloro r 2-chloro r 4-mcthyl, 4-nitro 
or 4-amino, 
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.7. A compound according to Claim 1 which is N[1-(R)- 

carboxyethyl] -L-leucy 1-O-benzyl-L- tyrosine 

N-methylamide and the pharmaceutical ly acceptable 
salts thereof. 

. 8. A compound according to Claim 1 which is 

N[1-(R) -carboxy-3-methylthiopropyl] -L-leucy 1-0- 
methyl-L-tyrosine N-methylamide and the 
pharmaceutically acceptable salts thereof. 

. 9. A compound according to Claim 1 which is N-14-N- 
(benzyloxycarbony 1) amino-1- (R) -carboxybutyl] -L- 
leucyl-O-methyl-L-tyrosine N-methylamide and the 
pharmaceutically acceptable salts thereof. 

,10. A compound according to Claim 1 which is N-[3-N- 
(benzyloxycarbonyl) amino-1- (R) -carboxypropyl] -L- 
leucyl-O-methyl-L-tyrosine N-methylamide and the 
pharmaceutically acceptable salts thereof. 

11. A compound according to Claim 1 which is N-[3-N-(p- 
nitroben-zyloxycarbonyl) amino-1- (R) -carboxypropyl] -L- 
lc.ucyl-O-iue thy 1-L- tyrosine N-methylamide- and the 
pharmaceutically acceptable salts thereof. 

12. A co:. -.pound according to Claim 1 which ir. 

N- [3-tl- (benzoyl) amino-1- (1'.) -carboxypropyl] -L- 
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leucy l-O-methyl-L-tyrosine N-iuethylamide and the 
pharmaceutically acceptable salts thereof. 

13. A compound according to Claim 1 which is 

N— [3- (N 1 -benzyl) ca rbamoy 1-1- (R) -carboxypr opyl] -L- 
leucyl-O-irtethyl-L-tyrosine N-methylamide and the 
pharmaceutically acceptable salts thereof, 

14. A compound according to Claim 1 which is 
N-[2-(S) -N- ( 1- (R) -ca rbo >:y * thy 1 
amino-4 , 4-di- { tr if luor one ihyl) butanoyl] - 
O-iriethyl-L-tyrosine N-methylamide and the 
pharmaceutically acceptable salts thereof, 

-I^^A cc-r.pound according to Claim 1 which is 

N- [ 2- (S) -N- (3-N- (benzyloxycarbonyl) amino-1- (R) - 
carboxypr opyl) amino-4 , 4-di- (tr if luor orr.ethy 1) - 
butanoyl] -O-methy 1-L- tyrosine N-methylamide and the 
pharmaceutically acceptable salts thereof. 

16. A compound of the fcrr. ula 
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and the pharmaceutical ly acceptable acid addition salts thereof 

wherein x represents hydrogen, alkoxy or benzyloxy; 

y represents a radical • selected from alkyl, alkylthioalky 1, 




o 
II 



(CH 2 ) v 



wherein v is 2 or 3 , 




N 
H 



-CH. 



CH. 



wherein z represents hydrogen or nitro; and W 2 represent 
methyl or tr if luo rone thy 1; and R 1 represents hydroxy or 
alkoxy and the stereocheniist ry of the carbon marked by the 
asterisk is R. 
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